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We appreciate the opportunity of performing this study for
you. If you have any questions or require additional information,
please contact vs.

Yours very truly,
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REPORT OF ENGINEERING DESIGN STUDY
ADDITIONS TO TAILINGS POND-EMBANKMENT SYSTEM
MOAB, UTAH
FOR ATLAS MINERALS

INTRODUCTION

This report presents the results of our detailed engineerirg
studies for the design and construction of the proposed additions
to the tailings pond-embankment svstem near Moab, Utah, for
Atlas Minerals. The location with respect to major roadways, the
Colorado River, the City of Moab, and topographic features, is
presented on Plate 1, Vicinity Map. A more detailed layout of
the pond-embankment system including the locations of borings,
test pits, ground water monitoring wells, and typical cross-
sections related to this study is presented on Plate 2, Plot
Plan.

The purpose of this study was to evaluate the subsurface
conditions and the existing embankment system, &nd perform de-
tailed design analyses for a series of three increases to the
overall height of the pond and embankment system. The design
study included the evaluation of the existing tailings pond
embankment stability as well as the effects of the future addi-
tions on the overall stability. It is our understanding that
the design study will be submitted to the Nuclear Regulatory
Commission for review.

During the course of our studies, general methods and
design concepts were discussed between Mr. William Badger
of Atlas Minerals and Messrs. George Toland and James Boddy
of Dames & Moore. Results of field exploration and laboratory
testing were evaluated in order to derive subsurface conditions
and engineering parameters for the detailed analyses. The results
of the field exploration and laboratory testing programs per-
formed in conjunction with this study, as well as those performed



during other studies at the site, are presented in Appendix A of
this report. A list of references is presented in Appendix C.

Specifically, the scope of our studies includes:

1.

®

A review ot available subsurface information and labora-
tory testing data obtained from previous investigations;

A field investigation program consisting of explora-
tory boringe, test pits, sampling, and piezometer
installation;

A detailed program of laboratory testing;

The development of refined subsurface and ground water
conditions;

The development of refined engineering parameters
and analytical procedures;

An evaluation of required storage capacity of the
tailings pond;

The development of design concepts, construction
methods, and configurations of the future tailings

pond-embankment system;

An evaluation of the slope stability of the existing
and the future tailings pond-embankment system;

The evaluation of liguefaction potential of the im-
poundment system;

The estimation of required earthwork guantities;



11.

12.

The recommendation of earthwork procedures and
construction criteria; and

The recommendation of post-construction monitoring
programs.

In the order of presentation, the following sections of

this report contain topics covering:

e}

o}
0
e}
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GEOLOGY

the site conditions,
the existing tailings pond-embankment system,
the stability of existing embankments,

the design and evaluation of the proposed embankment
additions,

the evaluation of liquefaction potential, and
the recommendation of post-construction monitoring.

SITE CONDITIONS

The site is situated upon the collapsed crest of the
Moab Valley-Spanish Valley salt anticline within the Canyonlands

secticn of the stable Colorado Plateau physiographic province.
The northwest trending anticline is downfaulted at the crest

and forms a graben structure and topographic valley. It is
believed that the collapse of the anticline began in late (Cre-

taceous or early Tertiary period as a result of solutioning and

extrusion of salt upward through the fault zones.



Rock exposed in the site vicinity consists of sedimentary
strata ranging from Pennsylvanian to Jurassic in age. The
Moenkopi formation and the Hermosa formation outcrop directly to
the west and northwest of the tailings pond. The bedrock is cut
by several northwest trending, normal faults downthrown on the
northeastern side. Stream-deposited sand and gravels, slope
wash, and wind blown sand of Quaternary age cover the valley
floor at the Atlas Minerals plant and tailings pond site.

SEISMICITY

The Colorado Plateau structural province has experienced
relatively little seismic activity, and is ronsidered a seis-
mically stable region. Significant damaging earthquakes have
occurred only at relatively large distances from the site. The
nearest known earthquake epicenter is located 43 miles northwest
of the site and was the location of an event of Intensity VI or
less, based on the Modified Mercalli Intensity Scale. The high
plateau of Utah, located 95 miles west of the site, and the
Wasatch Fault zone, the nearest point located near Richfield,
Utah, 137 miles to the west, have been the locations for maximum
events of Intensities VI and IX, respectively. A detailed
discussion of all known seismic events, both natural and man-
made, which have occurred withia a 200 mile radius of the
site, are discussed in the Safety Analysis Report (SAR) (Dames &
Moore 1975). The en echelon faults near the site are not associ-
ated with seismic activity.

Based on historic record, it has been determined in the
SAR that a ground acceleration of .029g could be experienced
at the site. A conservative ground acceleration of .059 is
recommended for design purposes.



SURFACE CONDITIONS

The existing tailings pond system is located directly
southwest of the uranium processing mill. The southeast side of
the site is bordered by the Colorado River and its flood plain.
The Colorado River lies approximately 800 feet east-southeast of
the tailings pond ewmbankment tce. Between the river and the
embankment tow, soft and loose surface soils of silt and silty
sand exist. The Moab Wash lies between the mill and the tailings
pond and extends from the Colorado River northwest to the north
side of the site where it parallels U. S. Highway 160 in a
westerly direction. A 12~-inch gas pipeline roughly paral-
lele the same highway. To the west, southwest and northwest
of the site exist roughly formed cliffs rising abruptly approxi-
mately 800-feet. The stratigraphic sequence of the Kayenta and
Hermosa formation is exposed in the cliff walls. The Keyenta
formation caps the Hermosa formation, the latter only sometimes
is exposed at the cliff base. Utah State Highway 279 and a Utah
Power and Light right-of-way lie between the base of these cliffs
and the tailings pond.

The vegetation at the site consists of sparse sagebrush
adjacent to the Colorade River. The red sand desert ground
surface slopes downward from the base of the cliffs to the
east and southeast at about three percent and flattens to
about one percent near the Colorado River.

SUBSURFACE CONDITIONS

S0ils

The subsurface soil conditions at the site were evaluated by
the performance of several field exploration programs which
consisted of drilling, sampling, and logging of exploratory



borings and test pits. A description of the field exploration
programs are presented in Appendix A of this report.

Subsurface soils at the site consist of a combination
of
slope wash from nearby cliffs,
soils deposited by the Moab Wash,
wind blown sands, and
alluvial soils deposited by the Colorado River.

O O o0 ©

None of the borings drilled in the site vicinity during this
investigation or others has penetrated the underlying bedrock
formations. Further, none of the borings conducted for this
report has penetrated over 20 feet into the natural soils.
However, several of the borings from previous studies have
extended up to 70 feet into the natural alluvial soils. Gen-
erally, the scils consist of predominantly reddish brown sand
with varying amounts of silt and gravels. The gradation of the
sand fraction is highly variable, and cobbles and boulders are
known to be sometimes present. The natural soils are generally
loose to medium denre at the surface, becoming denser with
depth. Some localized cementation of the soils was noted in
several of the borings. "ue to the similar composition of all the
subsurface soils encountered, it was not possible to distinguish
the mode of deposition nor to defire a layering segquence.

Ground Water

Detailed descriptions of the regional ground water condi-
tions including present and anticipated future uses were detailed
in the SAR. Bri-€fly, the natural ground water gradient at the

tailings pond si slopes southeasterly toward the Colorado




River at a rate of ten feet per mile. Ground water conditions
within the tailings pond embankments are described in the fol-
lowing sections,

EXISTING TAILINGS POND EMBANKMENT SYSTEM

GENERAL

The layout of the tailings pond embankment system along
with the location of borings and test pits conducted in relation
to this and other investigations are shown on Plate 2, Plot Plan.

The existing tailings pond system was begun in 1956 with
the construction of an earth starter dike along the eastern
and southeastern limits of the pond. The starter dike was
later extended westerly from the south and north ends. Sup-
plemental tailings dikes were added intermittently to increase
the capacity of the pond system. These starter dikes now
comprise the toe of the existing embankment on the north, east,
and south sides of the tailings pond. A permanent western
dike has recently been completed and now encloses the embankment-
pond system which has a current surface area within the uppermost
dikes of approximately 83 acres. The tailings dikes now stand
at a relatively uniform crest elevation of 4,040 feet and contain
a total of approximately eight miliion tons of tailings.

The tailings discharge line, which had been in use until
recently, discharged tailings from the crest of the entire pond
embankment with the exception of that along the western embank-
ment area. During January, 1978 construction of a new discharge
line was completed, now enabling tailings to be discharged around
the entire perimeter of the pond.



Following the settling of the tailings from the slurry, the
liquor is decanted by a floating barge located near the center of
the water pond and returned to the mill for treatment and reuse.
Three emergency underdrain type decant lines are maintained and
available for use should the present system fail.

EMBANKMENTS

Main Embankments

The existing main embankment sections are defined as those
embankments on the north, east, and south sides of the tailings
ponds and having limits depicted on Plate 2. The embankment
material consists of a compacted starter dike of natural alluvial
fill upon which a series of supplemental sand tailings dikes have
been constructed by upstream methods to the present crest eleva-
tion of 4,040 feet. The upstream type of construction has
resulted in an overall slope of 2.4 horizontal to 1.0 vertical.
However, localized areas generally of heights less than 20 feet
have slopes as steep as 1.4 horizontal to 1.0 vertical. The
existing supplemental sand tailings dikes above the starter dike
are constructed directly upon the hydraulically deposited beach
tailings. As determined from our boring logs, this includes sand
tailings and, in some areas, layers of slime tailings.

According to previous construction plans, the starter dikes
were to be constructed utilizing engineered fill, having an
l18-foot wide crest and sideslopes of 2.0 horizontal to 1.0
vertical. Observation of samples taken from the borings drilled
near the toe of the main embankment sections show the material in
the starter dikes to consist of a predominantly medium-dense to
dense reddish brown silty fine sand, typical of the natural
surface soils in the surrounding area. Occasionally, gravels,
cobbles, and boulders obtained from nearby broken siltstone rock
were also found in the starter dikes.



The supplemental dikes above the starter dam were con-
structed of sandy tailings pushed up from the tailings pond beach
area by heavy construction equipment. A one-foot thick veneer of
silt-, sand-, gravel-, and cobble-sized red siltstone fragments
have been placed upon the downstream face of the embankment as an
erosion-protection covering. The resultant appearance is that of
an embankment constructed of a uniform red, rocky, natural
material. The average width of the present embankment crest is
approximately 20 feet. Sections A-A, B-B, and E-E are presented
on Plates 3A, 3B, and 3D as those sections showing typical
conditions along the main embankment area. The plates include
the subsurface soil conditions and highest ground water levels
encountered within the borings and piezometers placed along each
section.

Western Embankment

Prior to the recently completed remedial construction work,
the western embankment consisted of a dike constructed of on-site
red silty sand material mixed with sand tailings and having an
18~foot crest width and sideslopes of approximately 1.5 horizon-
tal to 1.0 vertical. The embankment crest elevation ranged from
elevation 4,034.5 to 4,041.5 feet. With the construction of the
permanent remedial measures, the western dike was raised to a
uniform crest elevation of 4,040 feet (Dames & Moore, 1977). The
remedial measures included the construction of a downstream
embankment designed to allow water to pond against the embank-
ment's upstream face. Such an embankment was necessary because
water and unconsclidated slimes tailings exist along the upstream
face of the original embankment. The present configuration along
the western embankment includes a 20-foot wide embankment of
compacted natural red siity sand and a sand tailings chimney
filter and blanket drain with a toe drain of gravel. A layer of
rip-rap gravel covers the upstream slope. Sections C-C and D-D



shown on Plate 3C, along with descriptions of nearby boring soil
profiles and ground water conditions, are considered typical of
the newly constructed western embankment.

PONDED WATER

The present requirement for the ponded liquid within the
tailings pond is to maintain the shoreline a distance of at least
150 feet behind and at least six feet below the main embankment
crest on the north, east, and south sides of the ponds (Badger,
1977b). The beach is formed by uniform hydraulic deposition
of tailings along the perimeter of the embankment. At the
western embankment, where tailings are not discharged, the water
is ponded directly against the embankment; a minimum of six feet
of free board is maintained. The present plans calling for
construction of a new discharge line along the western embankment
will enable a beach to be formed and thus will eliminate the
ponding of water directly against the embankment.

As observed in the borings and piezometers, the highest
phreatic surface result from seepage of the ponded water is well
below the downstream slope surface of the embankment. The
highest recorded water levels for each boring are shown on Plates
3A through 3D. Generally, water in the discharged tailings seeps
rapidly through the permeable beach sand tailings on a near
vertical gradient to the underlying slimes tailings. The water
then follows the top of the less permeable slimes layer (if
present) and exits into more permeable sandy materials near the
embankment toe. In two areas, one along the northern embankment
just above the starter dam (near Section E-~E) and one along the
toe of the western embankment (near Section C-C), surface seepage
had been observed. The seepage at the two locations is believed
to be due to perched water exiting upon localized slimes layers
known to be resent at these locations. A third seepage area was
detected recently at the extreme south corner of the pond at the



toe of the embankment. The estimated seepage was approximately
two or three gallone per minute. Prior to the detection of the
seep, tailings slurry had been discharged over a period of about
two weeks. After the discharge of slurry tailings ceased in the
area, the amount of seepage decreased until after a week it was
no longer detected.

Seepage of the ponded water through the western embankment
is collected through a chimney drain and drainage blanket system
(Plate 3C), which was designed and constructed in the recently
completed western embankment. The collected water is pumped back
to the retention pond for recycling. Seepage water that has
emerged on the lower portion of the northern embankment near
Section E-E is being collected through a subdrain system which
has recently been installed. Where the seep was noted at the
south corner of the tailings pond, it is planned to install
a subdrain and collection system similar to that placed at
Section E-E. The details of the north subdrain are shown on
Plate 4.

DISCHARGE SYSTEM

Tailings from the mill process are discharged from a pipe-
line located along the entire perimeter of the tailings pond.
The pipeline consists of a main line which junctions at the pond
to two B8-inch diameter high density polyethylene pipes each of
which lies along the embankment crest for a distance of one-half
the total perimeter of the pond. Spigots are placed approxi-
mately 100 feet apart and the normal discharge is such that four
spigots are in operation at any one time. Up until recently,
approximately 700 gallons per minute of 13 percent solids-by-
weight slurry had been discharged along the pipeline, which is
equivalent to about 600 tons per day (dry) of tailings. On
February 9, 1978 an increase in plant operations went into effect

such that 22 percent solids-by-weight slurry is being discharged,




increasing the dry tailings rate to about 1200 tons per day.
The location of discharge points are controlled by Atlas person-
nel in an effort to maintain the widest possible sand beach.

DECANT SYSTEM

The discharged slurry flows over the tailings beach where
the coarse fraction (sand tailings) of the tailings grind is
deposited. The fine fraction (slimes tailings) of the slurry is
carried to the pond where it settles out. The clear liquid is
then siphoned off via a floating decant pump and pipeline. The
pond water is returned to the mill area for treatment.

In addition to the floating decant system, an underdrain
decant system consisting of three decant towers and a buried
pipeline is located in the pond. The additional system is
maintained as an emergency backup should the main floating system
fail to operate. However, the system has not been operated for
some time and its present condition is not known.

PROPOSED EMEANKMENT ADDITIONS

GENERAL

The tailings impoundment area at Atlas Minerals' Moab
operation will soon be completely filled. Estimates indicate
that, allowing for a six-foot freeboard, the remaining usable
capacity of 200 acre-feet will be Adepleted by July, 1978.
The proposed additions to the existing tailings containment area
are described below. Subsequent sections to this report, alung
with the appendices, present our methods of evaluation.

It is proposed that the embankments of the existing tailings
pond be raised to facilitate disposal of tailings to be produced



during the next twelve years of plant operation. The additional
tailings storage capacity is to be achieved through three
separate embankment raises of twelve feet each, for a total
embankment height increase of 36 feet. The additional combined
storage capacity resulting from the three raises is to be
approximately 3,100 acre~feet (approximately six million tons of
tailings).

It is proposed that the western embankment of the tailings
pond, having recently been modified by a design allowing water to
temporarily rest against the embankment's upstream slope, be
raised using downstream construction methods. However, the
proposed system alona the western embankment is designed such
that a minimum distance of 150 feet from embankment crest
to the edge-of-ponded water is to be observed.

The remaining embankment, along the east, north and south
borders, is to be raised by the upstream method of construction.
An overall downstream slope of 3.25 horizontal to one vertical is
to be used for the upstream construction.

TIME-STORAGE REQUIREMENTS

The storage capacity required for tailings disposal is a
function of the amount of ore processed. In most mineral pro-
cessing cases, the amount of tailings produced is equal to
the amount of ore processed less the amount of concentrates
obtained. However, due to the chemical reactions of the sulfuric
acid used in the acid leach uranium extraction process, precip-
itates (predominantly calcium sulfate) add toc the mass of the
tailings, The result is that in some cases more tailings are
produced than ore is processed. Operation data from Atlas
Minerals indicate that for each ton of ore processed, from 1.1 to
1.2 tons of tailings are produced (Atlas Minerals, 1976).

EREPAE S B maO R
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The present 600-700 dry tons per day (DTPD) capacity of the
mill will be increased in two stages to an ultimate capacity of
1,320 DTPD (Adrian, 1978). The schedule for the increase in
plant capacity is as follows:

July, 1977 to February, 1978 . . . . . . 600-700 DPTD
February, 1978 to June, 1978 . . . . « . . « .« 1,100 DTPD
June, 1978 to Remaining Life . . . . . . . 1,320 DTPD

These rates are tentative and assume 360 operating days per
year. The design operational life of the mill is twelve years
beyond July, 1977 (Badger 1977a). The storage requirement for
the tailings produced during these next twelve years is estimated
to be 3,280 acre-feet (or approximately 6.7 million dry tons of
tailings). Tabular and graphic representations of the tailings
storage requirements over the remaining life of the mill are
presented in Plate 5 and shown in the following table:

TABLE 1

TAILINGS PRODUCTION AND STORAGE REQUIREMENTS
FOR ATLAS MINERALS, MOAB, UTAH MILL
FROM JULY, 1977

Time Period Weight (Dry Tons) Volume* (ac~-ft)
lst year 413,000 200

2nd thru 12th year 570,000 per year 280 per year
Total for 12 years 6,683,000 3,280

*Note: The volume of water associated with the tailings is not
considered. The water entrained by the tailings will
occupy the pore space of the solids. Non-entrained water
will be dissipated through evaporation, seepage and
recycling. A steady-state volume of ponded water equal
to its present size is assumed. The average dry density
of in-place tailings is 94 pounds per cubic foot (Dames
& Moore, 1977a).

«)id=




The operation of the tailings pond calls for a minimum
freeboard of six vertical feet from the dam crest to the ponded-
water surface and for a minimum distance of 150 horizontal
feet from the dam crest to the edge of the ponded water (Badger,
1977b) . Hence, the present embankment crest elevation of
4,040 feet allows for the ponded-water surface elevation not to
exceed 4,034 feet. As of July 12, 1977 (most recent survey
data), the ponded-water surface elevation was 4,031.5 feet.
These circumstances limit the remaining storage capacity to 170
acre-feet, as derived from Plate 6. However, the technique used
for discharging the tailings into the tailings pond results in a
beach wedge of tailings sands between the dam embankment and the
ponded water. Since the tailings are discharged as a slurry from
the dam embankment on the periphery of the tailings pond, the
tailings slurry flows toward the ponded water at the center of
the pond. The heavier, coarser tailings sands drop out of
suspension first and the lighter, finer slimes are carried to the
ponded water area where they settle out of suspension. The
result of this natural sizing system is a peripheral beach wedge
of tailings sands and a central area of tailings s)imes and
ponded water. The portion of the beach wedge which is deposited
above the ponded water surface will allow for an additional 30
acre-feet of storage capacity. Thus, the remaining total
capacity of the existing impoundment system as of July, 1977 is
estimated at 200 acre-feet. Since the anticipated tailings
production for the year July, 1977 through June, 1978 is also 200
acre-feet, the estimated present capacity of the impoundment will
be depleted by July, 1978.




DESIGN EVALUATION AND RECOMMENDATIONS

STABILITY OF TAILINGS POND EMBANKMENT

General

The stability of the tailings pond embankments was analyzed
and it was found that the additional height increases can be
constructed by the upstream method as proposed with the embank-
ments having factors of safety in excess of those required by the
NRC Regulatory Guide 3.11. The subseqguent sub-sections included
in the stability section of the report discuss the method used
and present the lesults of the analysis. Further, the evaluation
of the engineering properties used in the analysis is presented
in Appendix B to this report.

Critical Embankment Section

Stability analyses were performed on three embankment
cross sections which were considered to be representative
of the most critical sections encountered along the entire
tailings pond perimeter. The sections analyzed, titled Sections
A-A, C-C, and E-E, are presented on Plates 3A, 3B, and 3D; each
section being chosen for special consideration. Section A-A
represents the highest section; the overall slope and the
location of slimes materials with the section is considered
typical of the general embankment condition. Section C-C repre-
sents a section of the western embankment considered critical
because of the high internal water levels and the excessive
amounts of slimes material beneath the embankment. Section E-E
represents a section depicting critical conditions due to high
internal water levels and high amounts of slimes materials within
an embankment section along the main embankment area (embankments
along the north, east and south bounds of the pond area).
On Plates 7, 8A through 8F, and 9A through 9E, the sections
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are presented in a general form as used in the actual analysis,
Conservative assumptions were made in interpreting the soil and
water conditions. Shown on the plates are the limits of the
various soil and water conditions, the soil strength parameters
assumed, and critical failure circles along with the factors of
safety against failure occurring for each of the circles.

Method of Analysis

Soil parameters used in our analysis were based on the
laboratory results presented in Appendix A. Conservative esti-
mates of strength properties were made by evaluating the labora-
tory results in the manner as presented in Appendix B - Evalua-
tion of Engineering Properties. The so0il parameters assumed for
the analysis are presented in Table 2 on the following page.

For each of the embankment sections selected for slope
stability analysis, the embankment of existing configuration and
of proposed configuration were evaluated under static and seismic
considerations for steady-state seepage and end-of-construction
loading conditions.

Slope stability was calculated by the Simplified Bishop
method, using a computer and the certified Dames & Moore program
EP-5A. The Dames & Moore Modified Bishop computer analysis for
slope stability has received official general certification for
use in USNRC projects. Hand calculation checks developed during
certification work have previously been given to the USNRC.

The Simplified Bishop technique assumes a circular failure
surface, and that the soil fails as a series of rigid-body
segments. The effects of internal deformation within the soil
mass are neglected. In considering any given circular surface,
the driving and resisting forces associated with failure are
calculated. The factor of safety for any circular surface is
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TABLE 2. SLOPE STABILITY ANALYSIS -
CONDITIONS ANALYZED
AND
' SHEAR STRENGTH PARAMETERS USED

END-OF-CONSTRUCTION STEADY-STATE-SEEPAGE

STRENGTH STRENGTH
LOADING SAND SAND
SECTION CONDITIONS SLIMES TAILINGS SLIMES TAILINGS
SECTION E-E:
Existing Embankment- o
Downstream Static - - ¢=31° 4= 372
Seismic - - o= 21 ¢ = 37
First Additional Raise~ J 2
Upstream Static ok 21o ¢ = 37o - -
Seismic a= 2] ¢ = 37 - -
Downstream Static a = 212 b = 372 $ = 312 ¢ = 37°
Seismic a = 21 ¢ = 37 a = 21 ¢ = 37
Third Additional Raise~ 2 o
Upstream Static o = 21° ¢ = 37o - —
Seismic o= 21 ¢ 37 - -~
Downstream Static a = 213 ¢ = 37: ¢ = 312 ¢ = 372
Seismic a = 21 ¢ 37 a = 21 ¢ = 37
. SECTION A-A:
Third Additional Railse- - 5 ” -
Dovnetream Static a = 21o ¢ = 370 ¢ = 310 ¢ = 37o
Seismic a = 21 ¢ = 37 a = 2] ¢ = 37
SECTION C-C:
Existing Embankment- °
Upstream Static ¢ = 1300 - ¢ = 31 -
Seismic ¢ = 1300 - - -
Dovnstream Static c = 1300 —-— b = 31° -
Seismic ¢ = 1300 - c = 1300 -
First Additional Raise~-
Upstream Static - - - -
Seismic ¢ = 1300 - - -
Downstream Static ¢ = 1300 ¢ = 37 ¢=31° g3
Seismic c= 1300 ¢ = 37 ¢ = 1300 ¢ = 37
Third Additional Raise~ s
Upstream Static c=1300 ¢ = 37o - -
Seismic c= 1300 ¢ = 37 -- -—
Downstrean Static ¢ = 1300 ¢ = 377 ¢=3° ¢=37°
Seismic c= 1300 ¢ = 37 c= 1300 ¢ = 37

strength/effective overburden stress) by the

llowing: a = tan™* Su/d,.

. * The angle o represents the relation ducribin? the ration Su/Gc undrained shear
0




essentially the summation of the resisting forces divided by the
summation of the driving forces.

Seismic £fcices are represented by the application of a
horizontal force, equal to the assumed percent gravity accelera-
tion, to the weight of the soil within the failure circle. As
discussed in the section entitled SEISMICITY, a design horizontal
acceleration of 0.059 was used in the analyses.

In addition to the Simplfied Bishop technique, evaluations
were made regarding the factor of safety of the embankment
material against failure by the use of the infinite slope failure
theory in sands. This simple metnod approach may be used when
concidering the potential against a failure occurring in the form
of sloughing within a shallow zone of near-surface materials.
The formula used for the analysis is found in most soil mechanics
textbooks (Lamb and Whitman, 1969). For high embankment sglopes
consisting primarily of cohesionless sand, infinite slope theory
was applied. However, the conseguences of such minor sloughing,
if it were to occur, would be insignificant.

Stability Results

Summary - The geometry, soil parameters, ground water
conditions used in our analysis, and resulting stability factors
of safety are shown graphically on Plates 7, GA through 8F, and
9A through 9E. The results of our analyses are summarized on
Tables 3, 4 and 5. The factors of safety xeet regulatory guide-

lines presented in NSNRC Regulatory Guide 3.11, December, 1977.

Existing Embankments - The minimum factor of safety deter-

mined represents the degree of stability of the slope for each
given loading condition. A brief discussion of the factor of
safety for each of the three embankment sections analyzed based
on existing conditions is presented as follows:
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Section A-A - No independent analysis was performed for
Section A-A under its existing conditions. However, the
stability of the existing embankment may be inferred from
tne results of stability analyses performed on Section A-A
after the construction of the third additional supplemental
dike (Table 3 and Plate 7).

The minimum factors of safety against failure in the exist~
ing portion of the slope under steady-state seepage are 1.62
and 1.40, respectively, for static and seismic conditions.
The minimum {actors of safety have a failure circle vhich is
entirely ir the sand tailings portion of the embankment.
For potential failures occurring through the natural red
sandy soils, the minimum factors of safety are 1.65 and
1.43, respectively, under static and seismic loading condi-
tions during steady-state seepage. These factors of safety
are amply adegquate against the possibility of a deep-seated
failure and are considered a conservative representation of
the factors of safety in the existing embankment since the
phreatic surface assumed was for conditions of future
embankment expansion.

Section C~-C -~ For the recertly completed western embankment
represented by Section C-C (Plate 3C) the absolute minimum
factor of safety at the end of construction was estimated
under static loading and under earthquake loading conditions
and is presentei on Table 4 and in Plates 8A and 8B. The
critical surface corresponding to these minimum factors of
safety occur through the slimes material within the down-
stream slope. In time, as the steady-state seepage begins
to take place and as the slimes begin to consolidate under
the embankment weight, the factor of safety against failure
through the slimes materials will increase from those found
under end-of-construction conditions.

Section E~E - In Section E-E, as shown in Table 5 and on
Plate 9A, the minimum factor of safety against failure
under steady-state seepage, static loading conditions is
1.60; whereas under earthquake loadings, the minimum factor
of safety is 1.19. The magnitudes of these factors of
safety indicate that the existing embankment, as represented
by Section E-E, possesses adequate capacity against a
deep-seated failure.

The above results and discussions were related to the

possibility of deep-seated failures. Shallow failures of a
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' TABLE 3. SUMMARY OF RESULTS OF SLOPE STABILITY ANALYSIS -
MINIMUM FACTOR OF SAFETY, DQWNSTREAH « JPE,
SECTION A-A

SECTION A-A, DOWNSTREAM SLOPE STATIC SEISMIC

End-of-Construction Conditions:
Third Additional Raise =~
Existing Portion - -

Total Slope 1.41 1.19

Steady~-State Seepage Conditions:

. Third Additional Raise -
Existing Portion 1.62 1.40
Total Slope >1.82 1,17
a

For design soil parameters see Table 2.
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. TABLE 4. SUMMARY OF RESULTS OF SLOPE STABILITY ANALXSIS -
MINIMUM FACTOR OF SAFETY, SECTION C~C

END~QF -~ STEADY~
CONSTRUCTION STATE~SEEPAGE
SECTION C-C STATIC SEISMIC STATIC SEISMIC
Existing Embankment:
Upstream 1.45 1.26 1.60 -
Downstream 1.85 1.61 1.85 1.61
First Additional Raise:
Upstream 1.38 1.26 - -
‘ Downstream 2.20 1.79 .31 1.81
Third Additional Raise:
Upstream 1.38 1.23 - --
Downstream 1.585 1.37 1.5% .37

2 For design soil parameters see Table 2.
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‘ TABLE 5. SUMMARY OF RESULTS OF SLOPE STABILITY ANALXSIS -
MINIMUM FACTOR OF SAFETY, SECTION E-E

END-QF- STEADY~
CONSTRUCTION STATE SEEPAGE
SECTION E-E STATIC SEISMIC STATIC SEISMIC
Existing Embankment:
Downstream - - 1.60 1.19
First Additional Raise:
Upstream 1.93 1.70 - -=
Downstream-
Existing Portion 1.39 1.18 1.60 1.18
. Total Slope 1.47 1.22 1.77 1.30
Third Additional Raise:
Upstream 1.7¢ 1.51 - -
Downstream-
Existing Portion 1.34 .19 1.58 1.13
Total Slope 1.44 1.20 1.70 1.13

2 For design soil parameters see Table 2.
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relatively thin zone of materials near the surface of the slopes
were analyzed for an infinite slope failure. The materials in
this zone are mainly recompacted sandy materials such as the
natural-occurring red sandy soils and sand tailings. Since the
phreatic surface has been and will be maintained well within the
embankment slope, seepage was not considered. The factors of
safety against shallow failures were calculated to be 1.69 and
1.47, respectively, for static and seismic loading conditions.
Therefore, in summary, based on analyses performed on critical
sections existing in the tailings pond-embankment system, the
existing embankments are adequate against shallow and deep-seated
failures under both the static as well as the seismic loading
conditions.

Proposed Additions - Considering the most critical geometry
for the upstream slopes, the embankment configuratior at the
end-of-construction condition was assumed to have no new fcrma-
tion of the beach wedge. 1In such cases, the stability of both
the upstream and the downstream slopes were analyzed. The

steady-state seepage condition was analyzed at the full impound-
ment capacity for that particular embankment height which offers
the most critical design conditions for the downstream slope.
For the condition when the beach wedge exists, the upstream
embankment during steady-state seepage is more stable than the
end-of -construction evaluation The factors of safety as shown
on Tables 3, 4, and 5 indicate that the embankments with proposed
additions, for all loading conditions, are adequate against the
possibility of failure &and possess values in excess of those
required by USNRC,



LIQUEFACTION STUDIES

Introduction

Static and pseudo-static stability analyses, carried out for
various representative cross-sections of the tailing embankment
to evaluate its static and seismic stability under a variety of
conditions, indicate that the factors of safety for the various
conditions analyzed are sufficiently high to preclude failure.
In these previous studies, however, it has been assumed that the
tailing materials would not liquefy during the postulated earth-
quake loading corditions. The studies presented in the report
have been carried out in order to evaluate the liguefaction
potential of these tailing materials.

Ligquefaction in saturated cohesionless so0il deposits has
been observed in numerous earthquakes. Based on these field
obgervations and on the results of laboratory and analytical
studies, various procedures have been developed to allow corre-
lation of the types of conditions where liquefaction may occur
and the soils which are susceptible to liquefaction.

Initially it was felt that preliminary analyses should be
performed using the blow count data and relative densities
developed during the field exploration program. If the results
of these studies showed that liquefaction was highly unlikely
then more extensive studies would not be required. For these
simplified analyses the maximum earthguake was taken as a magni-
tude 7 event with a maximum horizontal surface acceleration of
0.05g at the site. This has been shown to be a conservative
estimate for the maximum earthquake postulated at the site based
on the seismicity of the region (Dames & Moore, 1974). Based on
the analyses as presented herein, it is our opinion that if a
design earthguake should occur, liquefaction within any portions
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of the embankment that could effect the stability would be very
unlikely.

The simplified Seed and 1driss (Seed and Idriss, 1971.)
procedure was used to calculate the cyclic stress ratio inducec!
by the postulated design earthquake at various depths for several
selected vertical sections within the embankment. The average
cyclic stress ratio, (T/g' ) induced at any level in a

o'avg,
soil deposit is given as:
T h
{ =v— ) = 0.65 -— a r (1)
o'o avg °'o max d
where,
- = maximum horizontal ground surface

acceleration (g's)

Y = total unit weight

h = depth below ground surface

rq = depth reduction factor

o'o = effective overburden pressure at depth

of interest

The depth reduction factor Lqr was taken as the average
value given by Seed and Idriss. This factor varies from a value
of 1 at the ground surface to 0.68 at a depth of 60 feet. Values
of cyclic stress ratio were calculated from the profiles shown on
Plate 10.

Once the values of stress ratio have been calculated at
various depths it is then necessary to compare these stresses
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with those required to produce ligquefaction for the particular
soils under consideration. Thie may be done in several ways.
One approach is to use blow count data obtained from Standard
Penetration Tests (SPT) and to compare these data with those
measured at sites where liquefaction has or has not been observed
to occur during previous earthquakes. The other procedure is
based on a comparison of laboratory liquefaction test data
performed on similar soils with the computed average induced
cyclic stresses. Both of these methods have been used in the
study presented herein.

Soil Profiles

Liquefaction analyses were performed for the four basic soil
profiles shown on Plate 10, Typical Embankment Section Showing
Tailings Profiles Considered in Liquefaction Analyses. As shown
on the plate, the soil profiles are at various locations along a
typical cross-section of the tailings pond. The density of the
tailings material was estimated by averaging the density values
obtained by laboratory tests on the undisturbed soil samples.
The average dry density of the tailings was found to be 98 pounds
per cubic foot. The average wet density above the phreatic line
and the average saturated density were found to be 115 and 125
pounds per cubic foot, respectively. For each soil profile, the
effective and total overburden stresses were determined and
plotted against the depth of tailings material. The plots are

shown on Plates 11A through 11D, Overburden Stresses Versus Depth
of Tailings.

Penetration Tests

Penetration tests were performed during our field investiga-
tion to provide an estimate of the properties of the in-situ
soils. The test consisted of counting the number of blows of a
falling hammer (weight: 140 pounds; fall: 30 inches) to advance
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a Dames & Moore U~Type sampler (see Appendix A - Plate A-1l) into
the undisturbed soil at the bottom of a bore hole. The resulting
blow count (number of hammer blows per foot of penetration, Nl)
is a measure of the penetration resistance of the soil. Inter-
pretation of blow count data is dependent upon appropriate
identification of the types of soil being penetrated. Because
the penetration test is performed in the field at the bottom of a
drill hole and often under adverse conditions, it is subjected to
many possible errors too numerous to discuss in this section.
Nevertheless, the penetration test is widely used and offers many
advantages to other methods of estimating in-situ properties of
soil. However, N-values from penetration tests should be used
with caution.

The most widely used penetration test is the Standard
Penetration Test performed in accordance with ASTM Standard
D1568. This test is similar to the test described above with the
exception that the sampler used is a standard 2.0-inch outside
diameter split-barrel sampler. The blow counts obtained from
the penetration test using the Type-U sampler, Nl, may be
converted to standard blow counts, N, by the following approxi-
mate correlation (Lacroix and Horn, 1973):

ek (2 1n) P UE R, . W M
1 D, Ly 140 Ib 30 in 175*D§*L1

where D1 = outside diameter of the split spoon or conical
point in inches (3.25 inches)

e
L]

depth of penetration in inches (12 inches)

=
"

1 weight of hammer in pounds (140 pounds)

e
L]

height of free fall of hammer in inches (30 inches).
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The influence of confining pressure on the strength of
cohesionless soils results in increasing blow counts with depth
below the ground surface for a deposit of constant relative
density. The standard N-values should therefore be interpreted
in terms of state of stress in the ground. In order to take the
aforementioned influence of confining pressure into account, a
correction factor should be applied to the standard measured
N-value.

The blow counts from the penetration test using the Dames &
Moore Type~U sampler, Nl' as measured during our field explora-
ticn programs, are shown on Plate 12, Blow Counts - Type-U
Sampler Penetration Test Versus Depth. Representative Standard
Penetration Test Values, N, as computed from the blow counts
obtained from the Type-~U sampler penetration tests are shown on
Plate 13, Standard Penetration Test Values Versus Depth. Also
shown on Plate 13 is a curve showing representative corrected
N-values, N', versus depth. The calculated SPT blow counts were
corrected using the correction factors proposed by Marcuson and
Bieganousky (1977) for materials with relative densities in the
range of 40 to 60 percent (see bottom of Plate 13).

Liguefaction Analysis - Empirical Method

Empirical methods involve the comparison of field conditions
where liguefaction did or did not occur during previous earth-
quakes with the actual site conditions., Past practice has been
to compare the relative density of sand deposits with field
values of the ratioY avg/oo' computed 1.sing the Seed and Idriss
simplified procedure and the estimated ground surface accelera-
tions for the various sites. While relative density is suitable
for laboratory studies of the liquefaction behavior of a uniform
soil at various densities, ~romputation of this parameter for
natural soil deposits is difficult and may result in significant
errors. Since relative density was usually determined from
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Standard Penetration Tests, recent studies have used the Standard
Penetration Test blow count data directly to evaluate the lique~
faction potential at a site (Seed et al, 1975).

The most recent correlation between field liguefaction
behavior of sands for level ground conditions and corrected
penetration resistance based on field data and large scale
laboratory test data is shown on Plate 14. Values of the cyclic
stress ratio known to be associated with liquefaction or no
liquefaction in the field are plotted in this figure as a func-
tion of the corrected average penetration resistance of the sand
deposit involved. This modified penetration resistance corres-
ponds to the measured penetration resistance of the sand cor-
rected to an effective overburden pressure of 1 ton per square

foot (0.98 kg/cmz) based on the results of Gibbs and Holtz
(1957).

With the aid of Plate 14 the liquefaction potential of any
soil deposit can be estimated. The steps involved are the
following:

1. Establish the magnitude of the earthquake to be considered.

> Correct the actual measured Scandard Penetration Test blow
count data obtained from the field investigation.

3 Enter Plate 14 with the corrected values of penetration
resistance and compute the cyclic stress ratios which will
have caused initial liquefaction for the earthquake magni-
tude under consideration.

4. Compare the values of cyclic stress ratio computed in
Step 3 with those calculated using the simplified procedure
(Equation 1) or obtained from a one-dimensional ground
response analysis.
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A summary of the liguefaction analysis made on the basis of
the empirical data presented on Plate 14 is given on Plate 15. The
righthand column lists the factor of safety calculated on the
basis of comparing the average induced cyclic stress ratios with
those obtained from Plate 14 for the relationship corresponding
to an M=7 event. These are plotted as a function of depth for
the various soil profiles considered on Plate 16.

Liquefaction Analysis - Laboratory Method

The second procedure used to evaluate the liguefaction
potential of the tailings deposit is based on a comparison of the
cyclic stress ratios induced at various depths within the deposit
(Equation 1) with the cyclic shaking stress ratios required to
cause ligquefaction of similar materials at similar densities in
the laboratory.

The relative density of the in-situ sand tailings were based
on two sets of data. First, the relationship shown on Plate 17,
Relationship Between Standard Penetration Test Resistance,
Relative Density, and Effective Overburden Pressure (Gibbs and
Holtz, 1957) were used to estimate relative densities from the
computed Standard Penetration Test blow count data (Plate 13).
In addition, dry densities calculated for the samples obtained
during our field investigation were used to obtain values of
averagc relative density. Plate 18, Relative Density Versus
Depth of In-Situ Sand Tailings, shows the relative densities
calculated using these two approaches. 1In addition, a curve
which represents a conservative estimate of relative density
versus depth is shown. Vilues of the stress ratio required to
cause liguefaction in t*e laboratory at similar relative den~-
sities were -~..ained from the shaking table test data for
Monterey ".o. 0 sand shown on Plate 19, Comparison of Shaking
Table & d Triaxial Test Results (De Alba, Chan and Seed, 1975).
For this study, it was considered appropriate to use 10 equivalent
stress cycles as representac.ve of the number of cycles
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corresponding to the postulated M=7 event. The results of the
liquefaction analysis are presented on Plate 20, Comparison of
Induced Cyclic Stress Ratio and that Pequired to Produce Initial
Ligquefaction in Shaking Table Tests. The corresponding factors
of safety for the various soil profiles considered are plotted
graphically on Plate 21, Factor of Safety Against Liquefaction
Based on Laboratory Data and Relative Density.

Results

Of the four soil profiles considered in this study, the one
shown most susceptible to liquefaction under the postulated
seismic event is Profile A which corresponds to the condition
where the sand tailings are completely saturated with the free
water level at the surface. This profile is located some 150
feet from the edge of the embankment crest. For this condition
the lowest factor of safety calculated was slightly greater than
one and this was obtained on the basis of empirical data. On the
basis of laboratory data the lowest factor of safety was almost
two. Under conditions where the free water surface is 20 feet or
greater below the surface, the lowest calculated factor of safety
against liquefaction occurring by either methed of analysis is
1.40. Plate 22, Cyclic Stress Ratios Versus Depth, shows the
induced cyclic strese ratios for the four different soil profiles
&s well as the stress ratios reguired to cause liguefaction based
on the empirical approach and on the shaking table test data of
Monterey No. 0 sand.

Even should the conditions favorable to liquefaction develop
within the embankment and an earthguake of a level possible for
this region of very low seismicity occur, the occurrence of
ligquefaction throughout most of the embankment would be very
unlikely. It is possible, however, that some local liquefaction
might occur in isolated portions of the embankment during the
postulated seismic event. Based on the analyses presented in
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this report it is our opinion that even if this were to occur the
overall stability of the tailings embankmen: would not be in
jeopardy.

RECOMMENDED EMBANKMENT RAISES

General

Beyond the remaining capacity of the existing impoundment,
an additional storage capacity of about 3,100 acre-feet is
required for the remaining life of the operation. To provide
this capacity, a total height increase of the embankment of 36
feet will be necessary. The increase can best be accomplished by
raising the crest in three separate stages of 12 feet each. The
western embankment of the impoundment will be raised by the use
of downstream construction; the remaining embankments will be
raised through the upstream method of construction. A minimum
freeboard of six feet and a minimum crest-to-ponded-water
distance of 150 feet will be maintained for all embankments,
including the western embankment, for all three raises. In order
that the uranium milling operations can continue uninterrupted,
it is imperative that the first raise be completed by July, 1978.
Further, based on future production predictions, raises for the
second and third stages are recommended for no later than April,
1982 and January, 1986, respectively.

Stability analyses were performed to evaluate the effects of
construction of the additional supplemental dikes on the tailings
pond-embankment system. Result of these analyses have shown that
the factor of safety of the embankments against failure is
adequate and the proposed embankment additions may be made
without endangering the stability of the tailings pond-embankment
system.

_
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Western Embankment

The western embankment is the linear embankment section as
defined on Plate 2, Plot Plan. Cross-sections C-C &nd D-D on
Plate 3C show the configurations of the three embankment raises
to be constructed using the downstream construction method. The
first raise will have upstream slopes of 2:1 and downstream
slopes of 3:1. The second and third raises will have the same
2:1 (horizontal to vertical) upstream slopes and downstream
slopes of 2.5:1 and 2:1, respectively. The crest widths of the
three raises will be 30, 25 and 20 feet, respectively for Raises
1, 2 and 3. All three raises will be 12 feet in height. It
should be noted that before placement of the first embankment
raise and continuing thereafter, a sand beach must be formed and
maintained through tailings discharge control along the western
embankment. The wninimum crest-to-ponded-water distance of 150
feet must be maintained at all times.

To incorporate the use of the western embankment's existing
filter system, it will be necessary to construct a trench along
the western embankment's existing downstream toe. The trench
constructed parallel to the toe should extend in a southeastern
direction along the entire length of the western embankment
connecting to a sump constructed at the depression at the extreme
south corner of the tailings pond area (see Plate 2). The trench
should be filled with gravel. In the center of the trench a
perforated pipe should be placed to collect and transport to the
sump any seepage which might occur within the embankment. The
sump should be equipped such that any accumulated water can be
pumped to the ponded water area within the tailings impoundment
area. The filter system will serve to ensure that any seepage
will be controlled and thus eliminate any possibilities of piping
occurring along the future embankment downstream toe.
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Accidents have occurred to tailings pond areas in the past
whereby a ruptured or improperly operated discharge pipe spilled
tailings slurry onto the embankment crest thus causing erosion
channels within the embankment's crest and downstrear slope.
Such erosional gullies then became channelways for the tailings
that were otherwise confined within the ponded area. The erosion
had increased as more tailings flowed through the gullies to such
a degree that a major-tvpe progressive failure occurred. To
elimate the possibility of such a failure occurring at Atlas'
tailings pond area, it is recommended that the embankment crest
surface be constructed to tilt toward the pond area. The con-
figuration of the crest should be such that the elevation of the
downstream-most pcint o the crest is 2 to 3 feet higher than
that at the upstream-most point. Thus, if any slurry should flow
onto the crest area, it will drain into the pond area.

Main Embankments

The main embankments comprise all other tailings pond
embankments other than the existing western embankment, and for
these embankments the required 36-foot raises may be accomplished
by means of the upstream construction method. Typical cross-
sections of the main embankmenis including the propcsed raises
are shown on Plates 3A, 3B and 3D. The three raises will have
similar geometry in that each height increase will be 12 feet,
the crest width will be 15 feet, and both the upstream and
downstream slopes of each raise will be two horizontal to one
vertical. Further, the downstream face of each raise will
intersect the existing crest 15 feet from the downstream edge of
the preceding dike's crest. This arrangement provides for an
overall downstream slope for the three raises of 3.25 horizontal
to one vertical.

The embankment crest along the main embankment area should
be constructed to tilt downward toward the direction of the
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ponded area in a manner similar to the configuration of the
western embankment crest.

STORAGE CAPACITIES AND REQUIRED FILL QUANTITIES

Storage capacity and additional embankment fill requirements
are dependent on the operational constraints placed on the
tailings pond freeboard (6-foot minimum) and ponded~water con-
figuration (150-foot minimum distance from crest-to~-ponded-
water) . Since the production rate of tailings does not permit
simultaneous discharge of tailings around the entire periphery,
discharge must be restricted to specific segments of the periph-
ery at any one time. By periodically changing the location of
the discharge along the entire periphery in an organized manner,
a uniform beach wedge may be constructed at the outer edge of the
pond and the ponded water would then be contained within the
central area of the tailings pond. Thus, the 150 foot minimum
crest-to-ponded-water distances would be maintained at all
locations along the tailing area's perimeter. Further, data
taken from a recent topographic map of the tailings pond show
that the slope of the beach wedge is about 2.4 percent. To
simultaneously acnieve a six-foot freeboard and a 150-foot
crest-to-ponded-water distance, the deposited beach wedge should
begin on the upstream slope of th» embankment at a vertical
distance of two and one-half feet below the embankment crest.

By definition, the base of the beach wedge is the horizontal
plane corresponding to the elevation of the ponded water sur-
face. Thus, the beach wedge allows for storage capacity above
the required six~foot minimum freeboard and also provides a
source of sandy fill material which can be used in the construc-
tion of the next raise. However, dike construction mus: be
performed in such a manner that the borrow limits of beach
tailings do not extend below the six-foot freeboard elevation and

-36‘- DAMES @& MOORE



the surface of the tailings remaining after construction always
be smooth and sloping towards the ponded water.

The volume of sand contained in a beach wedge will not be
sufficient to construct an entire embankment raise, and borrow
fill from outside sources will be required for each of the three
raises. The raises for the main embankment sections (that is,
the north, east, and south embankments) will be constructed
upstream and consequently will be built Airectly on top of a
major portion of the sand tailings beach wedge material. How-
ever, the downstream construction of the western embankment will
allow full use of the bench wedge material for fill since all
construction is downstream and there will be no construction on
top of the beach wedge.

To reduce radiation emanation from the beach sand used as
construction material and to reduce erosion of the beach sand, a
minimum four-foot thick protection will be placed over the
beach sand dike material. The covering will be of the on-gite or
near-site reddish brown sandy surface soils and will be a part of
the structural section of the dike.

Of the 724,000 cubic yards of construction fill required for
the total of the three staged raises, 108,000 cubic yards would
be tailings beach sand and the remainder would be borrowed from
outside sources. Table 6, Fill Requirements for Proposed Em-
bankment Raises, lists the storage capacity, maximum water
surface area, and detailed fill requirements for each of the
three proposed embankments.

EMBANKMENT MATERIALS AND PLACEMENT

General

It is recommended that the embankment additions be con-
structed with the materials and configuration as described in the
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TABLE 6

FILL REQUIREMENTS FOR . R0POSED EMBANKMENT RAISES

_ : Fill Requirements Fill Sources

Agg;§;0231 "::é::m Western Non-Western Beach Outside

. 9 Embankment Embankments Total Sand Sources
Raise Capacity Surface 3 3 3 3 3 k) 3 3 3 3
No. (ac-ft) {acres) (10 yd~) (107 yd~) (10~ yd~) (10 yd~) (107 yd™)

1 1,070 65 92 111 203 39 164

2 1,040 63 142 127 269 35 234

3 1,010 61 126 126 252 34 218

Total 3,120 360 364 724 108 616



section entitled RECOMMENDED EMBANKMENT RAISES and as present on
Plates 2, 3A, 3B, and 3C.

Site Preparation

Before fill placement, the area along the downstream toe of
the western embankment slope should be stripped of all vegeta~
tion, organic materials, and topsoil (to an estimated three to
six inches) and removed from the construction area.

Materials

Three materials will be required to complete the proposed
construction: (1) on-site or near-site natural reddish brown
fine sand or silty sand; (2) medium- and fine-grained sand
tailings containing about 5 to 25 percent silt; and (3) imported
well-graded gravel material (2-inch maximum-sized pieces). No
complete gradation ranges need be specified for either the
natural reddish brown sands or the sand tailings since nearly all
the locally available natural or tailing beach materials fit
adequately into the design criteria used. In ord=2r to protect
the western embankment downstream toe drainage trench against
contaminating and plugging the drain by surrounding soil, it is
recommended that a well-graded sand/gravel mix be used as trench-
fill material with transition filter of well-graded fine to
course sand placed at eight inches thick around the entire
gravel-filled trench,

Material Placement and Compaction

The embankment construction material should be placed in
lifts not exceeding 12 inches in loose thickness and compacted to
95 percent of the maximum dry density determined by the standard
American Society of Testing Materials (ASTM) D-698 criteria. The
moisture content of the natural silty sand will generally be on
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the dry side of optimum moisture. If it is necessary to add
moisture to obtain the desired compaction, the loose lifts should
be wetted and scarified lightly so as to obtain an even distri-
bution of moisture. The fill (natural silty sand and beach sand
tailings) will probably be most effectively compacted with a
heavy, smooth-wheeled, vibratory roller. A minimum of two passes
with such equipment should be sufficient to compact a 12-inch
lift as specified.

We recommend that a Dames & Moore soils engineer be present
during all site preparation, excavation, placement and compaction
of earth fills. The purpose of the Dames & Moore engineer would
be to inspect the new embankment foundations and control the
quality of the fill materials and their compaction. It is
recommended that an inspection report containing all field
density test results and descriptions of the earthwork be
performed to provide proper documentation and assure the gquality
of all construction.

OPERATIONAL PROCEDURES AND POST~CONSTRUCTION INSPECTIONS

Tailings Discharge and Pond Configuration

The most variable and many times the most difficult para-
meter to control within a tailings pond is the phreatic surface
within the embankment section. 1In order to control the phreatic
surface, a minimum distance between the crest of the embankment
and the nearest point of the ponded water must be maintained. It
is recommended and assumed in our design that a minimum beach
distance of 150 feet be maintained at all times along the entire
perimeter of the tailing pond. Further, a well-maintained beach
will protect the upstream face of the embankment from the pos-
sible effects of wave erosion. To insure against the possibility
of such erosion occurring, it is recommended that an elevation
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difference of six feet between the ponded water surface and the
embankment crest be maintained at all times.

In order to maintain a proper beach area and satisfy the
above conditions of the minimum regquired distance to the ponded
water, the deposition of tailings must be performed by a properly
regulated discharge operation. Correct maintenance of the
tailings discharge will result in a sloped beach on the tailings
pond surface. With continual regulated discharge the overall
slope from the edge of embankment to the water pool area should
be expected to approach an overall gradient of slightly above two
percent.

Future Monitoring

The phreatic surface within an embankment section of any
tailings pond is perhaps the single most important factor in the
stability of the embankment. In order to maintain surveillance
of the phreatic surface we recommend continued observation of the
existing piezometers placed at the location of each of the
exploration borings drilled in conjunction with this study and
shown on Plate 2, Plot Plan. Should any cf these piezometers be
damaged or covered by construction and/or maintenance operations,
they should be replaced.

Since the time the piezometers were placed along the various
sections of the embankment (March, 1977), readings have been
taken on a monthly basis. It is recommended that readings be
continued at the monthly intervals. Further, we recommend the
data be transmitted to a qualified soils engineer for the purpose
of review. Such review should be undertaken continuously in a
cursory manner in order to detect any gross changes which might
have occurred. Then, quarverly, a comparative review should be
made to detoct any general trends.

‘41"‘ DAMES E MOOMRE



Embankment Surveillance

We recommend that the tailings pond be subjected to a
regular program of continuing visual surveillance during the
complete life of the pond to that time when the deposited
tailings reach the ultimate embankment elevation. We recommend
that such surveillance be carried out by an experienced soils
engineer at least once per year. During such surveillance,
attention should be paid to any signs of tension cracking,
slumping, erosion, and seepage, and records should be main-
tained of the observances made for each surveillance. Immediate
remedial measures should be undertaken to repair any points of
distress noted. At the time of the annual detailed inspection,
the reviewing soils engineer should review the design assumptions
and perform comparisons of the assumptions with the field obser-
vation data received during the time of inspection including a
review of the available piezometer data.

RECLAMATION

Reclamation measures to be undertaken during the operational
life of the tailings pond-embankment system and after abandonment
have been described in an earlier report (Dames & Moore, 1977).

000

In addition to the tables and plates shown in the List
of Tables and List of Plates, the following Appendices are
attached and complete this report:

Appendix A - Field Exploration and Laboratory Testing

Appendix B - Evaluation of Engineering Properties

Appendix C - References
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Respectfully submitted,

Todank

George T. Toland

Partner

Professional Engineer No. 2311
State of Utah

it £/
James R. Boddy
Senior Enginee

Professional Engipeer No. 4445
State of Utah

DAMES & MOORE
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APPENDIX A

FIELD EXPLORATION AND LABORATORY TESTING

F1ELD EXPLORATION

PRESENT INVESTIGATION

The field exploration program conducted for this study
consisted of the drilling, sampling, and logging of 13 explora-
tory borings extending to depths ranging from 9.5 to 82.5 feet
(Borings A-1 through A-14), the installation of three piezometers
to depths of from 60.0 to 79.0 feet and the excavation of three
test pits (A-1 through A-3) along the north embankment starter
dike to depths ranging from 5.0 to 8.0 feet. In addition,
standpipes were installed in 13 of the borings in order to
measure water levels. The borings were drilled using a truck-
mounted rotary-wash drill rig. In general, casing was used to
advance the first 7.5 feet of the boring, after which the hole
was advanced using the rotary-wash techniques. The test pits
were excavated utilizing a rubber tired tractor mounted backhoe.

All field operations were conducted and supervised by an
experienced Dames & Moore geotechnical engineer. The borings
were sampled using a Dames & Moore Type U Split-Barrel Sampler,
as shown on Plate A-1. A complete log was maintained in the
field for each boring and test pit, and the materials were
classified by yisual and textural examination. The method
utilized in classifying the soils is defined on Plate A-2,
Unified Soil Classification System. A verbal description of the
relative density of the material, as noted on the logs, was
determined using blows per foot of penetration with the Dames &
Moore Sampler. The correlation relating, in an approximate
manner, the verbal density descriptions shown on the logs,
relative density, Dames & Moore blow counts, and standard pene-
tration blow counts are presented as follows:

DAMES B MOoOORE
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TABLE Al
CORRELATION OF PENETRATIOK RESISTANCE AND SOIL PROPERTIES
Verbal Approxiuste Dames & Moore Standard
Description Of Relative Density, Sampler*, Penetration

Relative Density _gr(ln Percent) Blows Per Foot Blows Per Foot

Very Loose <20 <11 <4
Loose 20-40 11-26 4-10
Medium Dense 40-70 26-72 10-30
Dense 70-90 72-104 30-50
Very Dense >90 >104 >50

*Using 140 pound hammer falling 30 inches.

Graphical representations of the soils penetrated by the
borings drilled in conjunction with this study are presented on
Plates A~3A through A-3F, Log of Borings. The logs of the tes:
pite conducted along the northern embankment seepage area are
shown on Plate A-4A.

The locations and ground surface elevations of each boring
were determined by Mr. John Keough, Registered Utah Land Sur-
veyor, No. 1963. The ground surface elevations are presented
above the respective log of each boring and refer to USGS datum.
The locations of the borings are shown on Plate 3, . 'ot Plan, in
the text of this report.

OTHER PREVIOUS INVESTIGATIONS

Other Dames & Moore studies carried out at the site provide
valuable exploratory information, and the logs of the borings and
test pits from these studies have been incorporated into this
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report (Dames & Moore, 1977 (a); Dames & Moore, 1975; Dames &
Moore, 1973; Da = & Moore, 1974). Logs of the exploratory
borings (P-1 through P-3 and 1 through 15) drilled at the site in
conjunction with other field programs by Dames & Moore are
presented on Plates A-3G through A-3Q, Log of Borings. Logs of
the test pits (Test Pits 1 through 6 and P-1 through P-§) from
these other studies are presented on Plates A-4Y through A-4D,
Logs of Test Pits. The locations of all borings and test pits
drilled and excavated at the site in conjunction with the other
Dames & Moore studies are shown on Plate 2, Plot Plan, in the
text of this report.

WATER LEVEL MEASUREMENTS

In order to monitor the water levels at the site, 13 of the
14 exploratory borings drilled in conjunction with this study
were equipped with two-inch diameter plastic pipe, the lower 20
feet of which were slotted. Sandy gravel backfill was placed
around the plastic pipe adjacent to the slotted interval and the
remainder of the hole was backfilled with the cuttings from the
drilling operation.

In addition to the stand pipes placed within the exploratory
borings, piezometers were installed at three locations along the
crest of the tailings embankment. The locations of the piezo~-
meters are presented on Plate 2, Plot 2lan, in the text of this
report. Each piezometer was installed by drilling a hole four
and three-guarters inches in diameter and placing an open-tube
"Casagrande" type piezometer tip (two feet in length) at the
bottom of the hole. A three-quarters inch PVC tube was connected
to the piezometer tip and extended to the top of the drilled
hole. Well-graded sand backfill was placed in the bottom 12
feet of the hole, around the piezometer tip. Approximately
five feet of pelletized bentonite was placed on top the well-
graded sand backfill and well-tamped around the PVC pipe.

EPAMES B OGRS



Sandy drill cuttings were placed in the next five foot interval
upon which a second five-foot layer of pelletized bentonite
was placed. The remainder of the hole was then backfilled
with more available sandy cuttings. The surface of the
piezome' 'r was protected by an eight-inch steel pipe. A diagram
of the pilezometer installation is shown on Plate A-5, Diagram of
Typical Piezometer. The piezometers numbered Pi, P2, and P3 were
installed to depth of 60, 65, and 79 feet, respectively.

Ground water levels were observed in the borings and
piezometers during the course of the field exploration program.
The water levels recorded within each of the borings during
the time of drilling are presented on the Log of Borings.
Additional water levels have been periodically obtained from
the borings and piezometers by representatives of Atlas Minerals.
These water levels are presented on Table A2.
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TABLE A2

RECORDED PERIODIC WATER LEVELS

R WATER LEVEL DEPTH BELOW SURFACE, FEET donlittion of
Pipe Tip DATE OF MEASUREMENT Stand Pipe or
Installation [3/08/7 . ] A— n:;g’-[;:r
tﬁ Location in feet 3/10/77) 4/13/77} 4/28/77) 5/32/77| 5/26/77) 6/09/77| 6723777} 7/07/77| 2/21777| 8729/77| 9707777 10/17/77 {2/ i
' Boring A-1 65.0 44.0 43.6 431.6 43.6 43.4 43.3 43.8 43.6 43.6 .4 43.7 42.4 42.9 |Opento 59.8 ft
| Boring A-2 58.5 24.0 24.5 24.3 24.1 24.0 24.1 24.2 24.2 24.3 24.5 24.9 24.5 24.5 |Opento 38.5 ft
, Boring A-3 42.0 17.0 21.1 3%.2 21.0 21.1 20.8 20.9 20.8 20.9 21.1 20.7 26.3 21.1 |Opentec 28.5 ft
! Boring A-4 69.5 39.8 44.0 24.6 45.0 45.5 45.8 46.2 46.5 46.7 46.8 46.8 47.5 49.6 |Opento 49.5 ft
| Boring A-S 81.0 42.0 61.4 63.8 61.4 €1.4 €1.2 61.4 $1.3 61.4 61.4 61.0 60.8 61.6 |Opento 7i.9 ft
| Boring A-6 61.0 35.5 37.1 37.1 37.0 36.9 36.9 36.6 6.6 36.6 . 34.7 34.1 34.4 —
| Boring A-7 29.0 25.0 22.9 23.7 25.3 20.0 24.1 24.7 25.4 25.6 24.5 24.6 26.6 25.8 |Opento 22.2 ft
Boring A-8 20.0 17.2 19.5 19.5 18.6 16.9 15.9 17.2 17.4 18.3 16.5 15.8 16.7 19.7%¢| Open to 19.5 ft
Boring A-9 9. 36.0 29.7 30.0 29.9 29.8 29.7 29.7 29.7 29.8 2%.8 29.5 29.3 31.1 |Opento 38.1 ft
Boring A-10 19.5 19.9 19.5 19.5 19.5 13.5 | 17.4 19.4 19.5 19.5%% 19.5%% ]9 .5%% 19 S#e| ]9 5¢* Opento 19.5 fr**
Boring A-11 49.5 28.5 26.1 26.0 26.1 26.1 ' 26.2 26.1 26.1 26.2 . - ! pestroyed
Boring A-12 20.0 17.0 20.4 19.4 19.4 19.4  18.8 - - - - - fnumypa
Boring A-13 20.6 11.5 19.3 20.2 19.7 26.2 20.2** 19.4 19.5%% 19 4e* . - 15.5%*| 19.5%+ Destroyed
Piezometer P-1 60.0 - 13.1 13.2 13.3 13.2 13.2 13.2 13.2 13.2 13.1 16.1 17.90 Plugged Plugged 15.5 ft
Piezometer P-2 65.0 - 20.3 22.3 24.0 25.8 27.2 29.7 29.9 31.3 34.1 4.8 378 46.4 Eopueo $8.5 £t
Piezometer P-1 79.0 - 60.2 66.2 65.8 67.6 63.9 70.2 71.0 71.7 co.o-J- co.o-[ 40.0**| 39.5 Plugged 40.0 ft

* not read
e



LABORATORY TESTS

GENERAL

This section of the Appendix presents a summary of all
laboratory test data conducted by Dames & Moore in this and
previous studies. All of the laboratory test data presented
wvas reviewed and where applicable, utilized as a basis for
engineering analyses in this study. Data tabulated in this
section can be cross-referenced to the previous or present
reports by boring numbers.

Laboratory tests were performed on selected samples of
the tailings materials as well as the natural in-situ soils
directly beneath and surrounding the tailings pond. The purpose
of the laboratory testing program was to obtain data in order to
determine the strength, compressibility, permeability, and
engineering index properties of the tailings pond embankment
foundation and fill materials. In general, the engineering
properties of the foundation and tailings construction material
were classified in the following four groups: (1) sand tailings
material (SM), (2) slime tailings material (ML), (3) natural red
sand soils, and (4) recompacted red sandy soils and sand tailings.
The laboratory tests performed include moisture and density
determinations, relative densisty, Atterberg limits, compaction,
gradation, direct shear, triaxial compression, one-dimensional
compression (consolidation), and permeability testing.

MOISTURE AND DENSITY

Moisture and density determinations were performed in
order to aid in classifying materials and to correlate other
engineering properties. The results of these tests are shown to
the left of each boring log adjacent to the respective sample
locations (Plates A-3A through A-3Q).

A-6 DARMES 8 MOONES



RELATIVE DENSITY

To provide data utilized in our study of the ligquefaction
potential of the embankment tailings a relative density test was
performed in accordance with the ASTM* Designation D-2049 using
a representative sample of the "clean" beach tailings from which
a majority of the embankments have been constructed.

The gradation of the tailings is such that 7 to 20 percent
by weight of the particles pass the No.200 sieve. The ASTM
Designation D~2049 states that the test should be performed
on granular soils containing 12 percent by weight or less of
soil particles passing the No.200 sieve.

The minimum dry density and the maximum dry density of
the tested tailings as determined by the relative density

test were 81.6 pounds per cubic foot and 109.0 pounds per
cubic foot, respectively.

ATTERBERG LIMITS

Two Atterberg limits tests were performed on slime samples
obtained from the submerged ponded water area. Sample 1 had
a liquid limit (LL) of 63.8, a plastic limit (PL) of 22.8,
a plasticity index (PI) of 41 and is classified as a CH type
material. Sample 2 had a LL of 35.8, a PL of 22.8, a2 PI of
8.3 and is identified as an ML soil.

*
American Society for Testing and Materials.



COMPACTION

A compaction test was performed on bulk samples taken
from Test Pit P-1. The test was performed in accordance with the
ASTM 698, Method of Compaction, as described on Plate A-6,
Method of Performing Compaction Tests. The results of the
compaction tests are presented on Plate A-7, Compaction Test
Data.

GRADATION

To aid in classifying the soils, gradation tests were
performed on various samples taken within the natural soils,
recompacted natural soils, san’ tailings material and slime
tailings material. Both complete and partial sieve analyses
were conducted. The results of the complete sieve analyses
are presented on Plates A-8A through A-8L. The results of
the partial sieves are tabulated in Table 42, on the following

page.



TABLE A3
RESULTS OF PARTIAL GRADATION ANALYSES
Percent by Weight Passing

. Depth No. 60 No. 100 No. 200 Soil
Boring in ft Sieve Sieve Sieve Classification
A-1 40.5 100 100 98.9 ML
A-1 50 100 100 99.2 ML
A-2 40 99.9 99.3 89.2 ML
A-3 30 100 100 97.6 ML
A-5 70 100 100 99.9 ML
A-6 40 100 98.6 90.9 ML
A-6 50 100 99.9 98.6 ML
A-11 30 100 99.7 93.3 ML
A-11 40 100 100 100 ML
1 10.5 59.9 - 17.3 SM
1 20.5 97.1 - 38.2 SM
1 25.5 100 - 26.0 SM
1 30.5 98.9 - 41.5 SM/ML
1 35.5 96.6 - 47.0 SM/ML
1 45.5 63.2 - 15.7 SM
‘ 1 65.5 94.6 - 18.5 SM
1 70.5 100 - 98.8 ML
2 10.5 73.2 - 18.3 SM
2 25.5 72.6 - 24.5 SM
3 5.5 100 - 44.2 SM/ML
3 15.5 100 - 83.3 ML
3 50.5 100 - 100 ML
4 10.5 78.6 - 24.9 SM
B 20.5 98.6 - 25.6 SM
K 25.5 100 - 27.0 SM
4 30.5 100 - 42.0 SM/ML
4 60.5 92.8 - 48.1 SM/ML
5 10.5 82.1 - 16.5 SM
5 30.5 100 — 100 ML
Test
Pit A-3 S-6* iy - 99.3 ML



DIRECT SHEAR TESTS

Direct shear tests were performed on the sand tailings
material, the slime tailings material, the natural red sandy
soils and the recompacted red sandy soils. The tests were
performed according to the general procedures described on
Plate A~9, Method of Performing Direct Shear Tests. On all
of the sandy soils (excluding slimes tailings) the tests were run
at a strain rate of .005 inches per minute so as to produce
consolidated-drained (CD) strained behavior. The tests performed
on the fine-grained slimes tailings were run at higher strain
rates and therefore must be assumed as reflecting shear strengths
under partially-drained or perhaps undrained conditions. The
results of the tests are shown on Table A4, on the following
page.




TABLE A4

DIRECT SHEAR TEST DATA

Normal Peak Shearing
Depth Soil Stress Strength in
Boring in ft Classification PSF PSF
NATURAL RED SANDY SOITLS
2 ~25.5 “SM 2,500 2,800
2 25.5% SM 4,000 5,020
4 60.5 SM/ML 1,500 1,030
4 60.5 SM/ML 3,500 1,450
5 30.5 ML 2,500 1,500
5 30.5 ML 4,500 2,650
10 34.5 SM 2,000 1,650
10 34.5 SM 3,500 3,100
10 44.0 SM 4,500 4,000
12 44.0 SM 3,500 3,400,
12 49.5 SM 2,500 2,530
12 49.5 SM 5,000 3,350
P~1 5.5 SM 500 350
P-1 5.5 SM 1,000 780
P-1 10.5 SM 3,000 2,320
P-3 4.5 SM 4,000 2,800
P-3 9.5 SM 5,000 3,690
S AND TAILINGS MATERTIAL
1 10.5 SM 1,000 1,050
1 10.5 SM 2,500 2,100
1 25.5 SM 2,500 2,450
1 23:3% SM 4,000 3,050
. 1 45.5 SM 3,000 2,530
1 45.5 SM 5,500 4,350
1 65.5 SM 1,500 1,450
1 65.5 SM 3,500 2,900
2 10.5 SM 3,500 2,900
2 10.5 SM 1,500 1,350
4 10.5 SM 3,500 2,750
4 10.5 SM 5,000 3,850
4 25.5 SM 2,500 2,050
4 2549 SM 4,000 3,200
5 10.5 SM 1,750 1,650
5 10.5 SM 3,250 2,830
11 13,5 SM 1,500 1,000
11 13.5 SM 3,000 1,850
11 35.5 SM 3,500 1,030
11 3.5 SM 5,500 3,850
12 13.5 SM 2,000 1,250
12 13.5 SM 4,000 2,400
13 29.5 SM 3,000 2,550
13 29.5 SM 5,000 3,750
13 39.5 SM 1,500 1,050

*
Piece of gravel in sample
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TABLE A4 (continued)

Normal Peak Shearing
Depth Soil Stress Strength in
Boring in ft Classificatinn PSF PSF
SLIMES TAILTIN G S
1 ~70.5 ML 2,500 1,550
3 1%.5% ML 2,000 2,570
5 8.5 ML 4,500 3,850,
- - ML 600 220,
- - ML 900 a 410

RECOMPACTED NAT URAL RED S AND—
Test

Pit Pl 3-5 SM 500 350
Pl 3-5 SM 1,000 650
Pl 3-5 SM 2,000 1,200
Pl 3-5 SM 3,000 1,900
Pl 3~5 SM 5,000 3,200

Hand pushed Shelby tube sample taken from approximately
two feet depth in the partially consolidated slimes.
e Materials compacted to an average of 100.5 pounds per
cubic foot (90.5% of the maximum dry density as deter-
mined by ASTM D-698, Method of Compaction).

A-12




. TRIAXIAL COMPRESSION TESTS

General

Triaxial compression tests were performed on samples of the
sand tailings (SM), slime tailings (ML), and the natural red
sandy soils. Triaxial testing included <onsolidated-undrained
(CU) tests both with and without measured pore pressures, con-
solidated~drained tests (CD) and unconsolidated-undrained (UU)
tests, both singular and multi-phase.

All of the triaxial tests, with the exception of the
unconsolidated-undrained test samples, were back pressure
saturated to a minimum B-value of 0.95 prior to shearing.
A portion of the UU tests were also back pressure saturated
to a minimum B-value of 0.90, while other UU test samples

. were not saturated prior to sheaing.

The single-phase unconsolidated-undrained triaxial tests
were sheared until the peak total deviator stress was reached.
The multi-phase unconsolidated-undrained tcsts were confined at a
low pressure and sheared to a strain of five percent. The total
deviator stress was then recorded. At this point, an additional
confining pressure was applied to the sample and the shearing
process was repeated. This procedure was continued until a total
of three confining pressures and total deviator stress: s were
recorded.

Summarization of Triaxial Compression Test Data

The following subsections summarize the triaxial test data
for each material type tested.

' Sand Tailings - Triaxial tests were conducted on sand tailings
samples including - 1) consolidated-undrained tests both with and
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without pore pressure measurements, 2) consolidated-drained
tests, and 3) unconsolidated-undrained tests. The results of
triaxial test data for the sand tailings material are presented
on Table A-5, beginning on the following page.

slime tailings including - 1) Consolidated-undrained tests with
pore pressure measurements, and 2) both single and multi-phase
unconsolidated-undrained tests. The results of these tests are
tabulated on Table A-6 as presented on the following pages.

Natural Red Sandy Soils - A series of unconsolidated-
undrained multi-phase triaxial compression tests were conducted

on selected samples of the natural red sandy scils. The results
of these tests are tabulated in Table A-7 on page A-30.
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TRIAXIAL. TEST DATA ON SAND TAILINGS

CONSOLIDATED UNDRAINED TRIAXIAL TEST
WiTH POKE PRESSUKE MEASUREMENT
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(CONTINUED)

CONSOLIDATED UNDRAINED TRIAXIAL TEST
W1TH PORE PRESSURE MEASUREMENT
ATLAS MINEWALS oMOAB,UTAHs S467-016-06sAPRIL 1491977
30RINGASSAMPLE 34DEPTH 20 FEET. BROWN SANDY SILT

SAMPLE HEIGHT = 597 IN
SAMPLE AKEA = 4eb? SQ IN
CONSOLIDATION PRESSURE = 2,00 KSF = TR T AN L
INIT, MAX, PRIN, STRESS = 2.00 KSF
INITIAL PORE PRESSURE = BT.4 PSI
BEFOKE CONSOLIDATION
DRY DENSITY = 99,1 PCF

. WATER CONTENT __
AFTER CONSOLIDATION
DRY DENSITY
WATER CONTENT
BEAM LOAD FACTOR

103.6 PCF
_ @570 PERCENT
9.58 LBS/PERCENT

st PROCENY. .

AXIAL  PORE DEVIATOR SIGMA3 SIGMAl STRESS

QBAR

STRAIN PRESSURE STRESS EFFECTIVE RATIO ABAR PBaR
PCY = KSF O KSF  KSF _KSF -KSF KSF
28 +33 205 1467 3.72 223 16 2.70 1.03
.59 ' 27 3.26 1,73 4,99 2,89 08 3,36 1,63
Fh «03 L,02 1697 .00 J.04 «01 3.98 2.01
] e34 e 622 2all B.by 3.57 -s07 5.53 3.11
lo"".‘ = ‘.78“ 7.37 N 2.78 = ]0015 _”v3.65_______°_:’l} S L 60“6~ 3068
2.01 =1.15 BaeB4 3.15 11.99 3081 -s13 7057 Gu.42
2.51 -1.64 10.74 3,64 14,39 3.95 -s15 9.01 S5.37
3002 =2423_ 12.56 4,23 16477 3,96 _=,18 10.50  6.27
3,35 T-2,58" 13,73 4,58 1B.31 . 4,00 =419 11e6b _ 6.86
4,19 =3.57 16.45 5.57 22.07 3,95 -.22 13.80 8.23
53@3“ . _.“‘."‘.“,.__.N Wl_&_. 83_»_‘_“___ -6.“9 LoLE 25.26 It 3.93 '02“ 15085 9.‘4]
5.86 -5.10 2066 7.10 27.76 3.91 =25 17443 10.33
6.70 ~5.66 22425 7.66 29.91 3.91] ~«25 18.79 11.13
Te56 ~6+19 23.67 B8.19 31.86 3.89 ~e26 20,03 11.84
8.38 ~beTh 2‘009“ B.74 33.68 3.85 - 27 2’.21 120‘07
9.2) «7T.11 26.02 9.11 35%5.13 3.86 =e27 22.12 13.01
10005 ""_7-‘02 26.71 ’ 9.“2”_« __3_(‘_0]2 By 308_‘1___._:__028 22.77 13035
10-99 -7.69 27032 9.59 37001 3.8? "028 23035 13066
11073 '7086 27.56 qoab 370“2 3.79 -039 23.6“ ,3.78
1256 = =8,01 = 2757  10.0)1  37.58  3.76 -+29 23.79 13.79
13,640  -B8.08 27,58 = 10.08 = 37.66  3.74 =229 23,87 13,79
14,24 -8-12 27.52 10012 A7 .65 3.72 ‘030 23.88 13076
15,08  =B,16  27.49 10,16  37.66 3.70  _=.30 23,91 13.75
15092 ’Bglq 27.“9 ]0-19 37.68 3.70 't30 2309“ 1307“
16.42 -8B,24 27.32 10.24 37.56 3.67 -+30 23.90 13.66
16,75  ~B.27 2698 10427  37.24 3463 =.31 23.75 13.49
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ot ATV sti e s e
TABLE AS
TRIAXIAL TEST DATA ON SAND TAILINGS
(CONTINUED)
&
o
2
s A CONSOL IDATED UNDRAINED TRIAXIAL TEST
C WITH PORE PRESSURE MEASUREMENT
ATLAS MINEPALS+5467-018~06+MOABJUTAHsAPRIL 1341977
aonx~945.snan£ S+DEPTH 40 FT.
SAMPLE HE IGHT = 5,58 IN
SAMPLE AREA = 4,59 SQ IN
. __CONSOLIDATION PRESSURE = 4,00 KSF
INIT., MAX, PRIN, STRESS = 4,00 KSF
g INITIAL PORE PRESSURE = 72.2 PSI
"BEFORE CONSOLIDATION
DRY DENSITY = 98,2 PCF
. _WATER CONTENT = 24,30 PERCENT s
AFTER CONSOLIDATION
DRY DENSITY = 99,3 PCF
‘ _ _WATEK CONTENT = 25.20 PERCENT _ _ .
) BEAM LOAD FACTOR = 15.97 LBS/PERCENT
o AXIAL ~ PORE DEVIATOR SIGMA3  SIGMA] STRESS
- STRAIN PRESSURE STRESS EFFECTTVE RATIO ABAR PBAR  QBAR
PCY ___ KSF = KSF = KSF  KSF_ __KSF _KSF
.18 1.17 2.25 2.83 5,08 1.79 52 3.96 1.1)
54 .68 3,36 2.32 5,65 2,44 .50 3,98 1,67
.95 1.71 4,42 2.29 6,70 2.93 W39 4,49 2,21
1.27 1.6] S e 3 2.39 7,73 3.24 30 5,06 2,67
179 1.09 6eTh 2.91 9,65 3432 416 6,28 3,37
- £ 7,69 a3 9.65 3,57 13,22 3,71 06 8,39 4.83
3 3.58 <039 12.66 4,39 17,05 3,88 =.03 10,72 6.33
4,48  =1.,21  15.75 5,21 20,95 4,02 ~=.08 13,08 7.87
‘ q 37 '2020 19 01 6020 250?1 ‘0.06 "012 15071 9.51
(Y 27 '3 20 22 07 7020 29 ?7 5007 "ol“ 18023 11-06
< Tol7__ =4,06 264,93  B.06 32,99  6.09  =.16 20,53 12.47
B B.06 =5.00 2750 9.00 36.50  4.06 =.18 22. 3.75
= 8.96 -5,83 29.38 9,83 39,21 3.99  =,20 24,52 14.69
® 05 9,49  =6.28 30.65 10.28 40,93 3,98 =420 25.60 15,33
10.03 6,78 3].46 10.78 42.25 3.92 ~o22 26051 15_1_7_;
10.36 ~7.19  30.89 1119 “2.07 3.76  =.23 26.63 15.44
10075 ﬁ"7023 o 2900_7 ‘023 ‘Onozq - 3059’ “'025_ 25076 1‘0053
o Dot 5 B B BB DO
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946.7 (REV. b‘

30m INGA

S

DRY

CONSOLIDATED UNDKAINED TRIAXIAL TEST

TABLE AS
TRIAXIAL TEST DATA ON SAND TAILIN

(CONTINUED)

wWITH POKE PRESSURE MEASUREMENT

SAMPLE HEIGHT
SAMPLE AREA
CONSOLIDATJON PRESSURE
INIT, MAX, PRIN,
INITIAL PORE PRESSURE

SAMEPLE 7+ DEPTH 60

BEFORE CONSOLIDATION

DENSITY

_WATER CONTENT

AFTER CONSOLIDAYION
DRY DENSITY
®ATER CONTENT

BEAM LOAD FACTOR

STRESS

un

ATLAS WINERALS.‘MBEBI"UTKFZ”ELéilde;da}’h#i?[”fET'TE??
FEETs BROWN SILTY FINE SAND
CSe46 IN
4«43 S0 IN
6,00 KSF

nn

= 105.7

6.00 KSF
78.3

PSI

PCF

2 21,10 PERCENT

#inn

110.2 PCF
20,00 PFRCENT
15.33 LBS/PERCENT

AXTAL PORE DEVIATOR SIGMA3 SIGMA] STRESS
STRAIN PRESSURE STRESS EFFECTIVE RATIO ABAR PBAR GBAK
[ pct ksk  kSF  ksF__ksF. KSF____KSF
09 «73 2elb S+ 27 7.5] 1.643 «33 6439 leld
.18 1,27 3,78 4e73  Bu51 1480 .36 6.62 1,89
e JH 1.92 5.91 4,08 9,99 .45 32 T.06 2.95
«73 c+19 E.2] 3.81] 12.02 b PR o7 T.92 Goll
oq? 2016 9028 3!5‘0 130712 _30_“_? - 0?3 _Qo“@ “»ob‘b
1.17 2«02 10.64 3.98 14,62 3.67 19 9.30 5.32
1¢67 157 13.33 4.43 17.76 4,01 12 11.09 6.66
2.29. B6 16455 5,16 21469 4422 .05 13,61 B.28
3.63 "017 2‘)-76 6-17 26.87 4435 -s01 16052 1035
3.99 =150 25.83 7,50 3333 4,645 ~s06 20.4) 12.92
5215 =3.21 31,90 (9.21) (6l.l2) 6,46 =.10 25,16 15,95
bo?b "‘oyl 17061 IO’ogT . - . "T
6.98 ~5.95 40475 11.95 52.69 Got] -+15 32.32 20.37
Te7) _ =6.96  43.78 12496 56,74 4438  =.16 34,85 2].89
8.13 ~7.52 45 .46 13.52 58.98 “036 .17 36,25 ?2.73
8.63 -8.,12 47,35 16012 6] .48 4,35 '017 37.80 23068
- 0. =Be93 = 49.66 = 144,93 64, . 4e33 -.18 39.76 24.83
10.3% -“9.76 S51.82 15.76 P ABT.59 4,29 =19 41.67 25,91
11.03 ~10.20 52.76 16.20 6R.96 4.26 ~«19 42.58 26.38
114647  =10.43 52,94 16,43 69,37  4.22  =,20 42,90 26,47
11,66 =10.60 53413 16,60 69,73 4,20 =20 43.16 26.56
1218 =10.71 52495 16,71 69.67 4e17 =.20 43,19 26.48
12.58 =10.54 52,71 16,84 69,55 4,13 =.2] 43,20 26.35
13,641  =11.02  51.78  17.02 68, A0 4,06  =,21 w2.91 25.89
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946.7 (REV.

AU v ® .
cutcnto By FILE a.d”:a&ﬂﬂ, Lé__

REVISIONS
8y DATE
TABLE A S
TRIAXIAL TEST DATA ON SAND TAILINGS
(CONTINUED)
05/716/74 15105117 ATM CCO0111003 000111 i S0
CONSCLIDATED DRAINED TRIAX)AL TEST
* ame
A AS MINERALS 5467-003=-06 UTAHK
BORING 10 SAMPLE § DEPTH 16.5 FT,
SAMPLE HEIGHT sccveese ¥ 4,592 INCHES
SAMPLE VOLUME ,cceeeee ® 330,670 C.C.
SAMPLE AREA sesssans B 4,514 SQUARE INCHLCS
CONSOLIDATION PRESSURE = 1500, PSF
BEAM LOAD FACTOR ce0c¢e * 6,389 LAS/PERCENT
> DELH ASTRAIN VSTRAIN LSTRAIN POISR SIGDEVE SIGMALE SIRATIO
!
©
29, .63 622 =-,005 . 5 1304,4 2804 ,4 1.870
52¢ 2433 .584 -,074 o34 1872,4 3372.4 2,248
69, 1,30 1,002 -,250 «37 223C.8 3730,8 2.487
121, 2.64 {1,409 -.613 37 J261,.0 4761,0 3,174
~A38, 2,94 1.479 -, 73U .38 3474,C 4974.0 J.316
i3 3633 1.508 -,91i2 35 3681,0 5181.0 3,454
161, 3,51 1,539 -, 984 «30 3835,3 5335,.3 3,587
211, 4,59 1,639 -1.,478 40 4606,5 6106,.5 4,071
236, 5.14 1,705 1,717 .41 4721.0 6221.0 4,147
297, 6,47 1.622 -2,423 <43 5406,7 6§906,7 4,604
330, 7.19. 1,490 -2,848 44 5626.8 7126,8 4,751
3gs8, 8,67 1,268 «-3.,700 .45 6128,0 7628,0 5,085
,123. °.21 1.098 -4,057 o 46 6155,.9 7655,9 5.104
7 10,61 762 -4,922 48 6242.8 7742,8 5,162
496, 10,80 710 -5,046 .43 6225,.9 7725,9 5.151
808, 11,00 .643 5,177 48 6208,0 7708.0 5.139
$13, 11;17 .607 -5.,282 .48 6193,.6 7633,6 5.129




946.7 (REV. pg(, Y .
FILE A szi~=£éf :5'"'°"_ DATE

TABLE AS
TRIAXIAL TEST DATA ON SAND TAILINGS
(CONTINUED)

ATM,111003,1,50
CONSOLIDATED DRAINED TRIAXIAL TEST

ATLAS MINERALS 5467-003=06 UTAH
BORING 10 SAMPLE 6 DEPTH 19,5 FT,
SAMPLE HEIGHT sevvesee 5.663 INCHES

AMPLE VOLUME o,.0.0.. ® 395,950 C,C.
SAMPLE AREA sevecses 4,251 SQUARE INCHES
CONSOLIDATION PRESSURE 3000, PSF
BEAM LOAD FACTOR ..., $,580 LBS/PERCENT

DELH ASTRAIN VSTRAIN LSTRAIN POISR SIGDEVE SIGMALE SIRATIO

>

I

»n

- 20, L35 263 -,045 .45 1069,8 4069,8 1,357
107, 1,88 1,359 “,262 .38 3389,0 6389.0 2.130
125, 2.20 1,547 -,326 037 4029,2 7029,2 2,343
145, 2,55 1,746 -,403 .37 4473,4 7473,4 2,491
211, 3,71 2,315 - 699 .36 6077 ,0 9077,0 3,026
231, 4,06 2,457 -. 804 .36 65414,6 9414,6 3,138
260, 4,58 2,619 -,978 L36 6836,3 9836,3 3,279
321, 5,65 2,964 -1.342 .36 8140,1 11140,1 3,713
352, 6,19 3,206 -1,494 .36 8553,5 11553,5 3,851
372, 6,55 3,191 1,678 .37 RR96,0 11896,0 3,065
445, 7.83 3,350 .2,240 .38 $902.2 12902.2 4,301
484, 8,52 3,396 -2,560 .39 10294, 1 13294,1 4,431
560, 9.85 3,490 -3, 182 <40 11214,3 14214,3 4,738
595, 10,47 31,464 -3,503 L 40 11285,1 14285,1 4,762
872, 11,82 3,380 4,222 L42 11578,5 14578,5 4,859
84, 12,04 3.371 4,332 .42 11520.1 14520, ¢ 4,840




02—V

946.7 (REV. 3 2{,
DATE 2 REVISIONS ‘l"
CHECKED BY FILE 26 & M m BY DATE
TABLE AS
TRIAXIAL TEST DATA CN SAND TAILQ;JGS
(CONTINUE‘D)
ATM,111003,1,50
CONSOLIDATED DRAINED TRIAXIAL TEST
ATLAS MINERALS 5467=003-06 UTAH
BORING 10 SAMPLE 6 DEPTH 19,5 FT,
SBAMPLE HEIGHT eseensse © 5,663 INCHES
AMPLE VOLUME ,,.¢. ... ® 395,950 C,C.
SAMPLE AREA Asstnsns P 4,251 SQUARE INCHES
CONSOLIDATION PRESSURE = 3000, PSF
BEAM LOAD FACTOR ,..00 *® 9,580 LBS/PERCENT
DELH ASTRAIN VSTRAIN LSTRAIN POISR SIGDEVE SIGMALE SIRATIO
20, L35 263 -,045 .45 1059,.8 4069,8 1,387
3. 58 .431 -.057 42 1588,¢ 4588,1 1.529
107, 1,88 1,359 -, 262 .38 33185,0 6389.0 2.130
125, 2.20 1.547 -,326 37 4029,2 7029,2 2.343
145, 2,55 1,746 -, 403 «37 4473 .4 7473,4 2,491
211, 3,71 2,315 -, 699 36 6077 ,0 9077,0 3,026
231, 4,06 2,457 -.804 .36 6414,8 414,56 3.138
260, 4,58 2,619 -,978 .36 6836,3 $836,3 3,279
324, 5,65 2,964 -1,342 36 8140,1 11140,1 3,713
352, 6,19 3.206 -1.,494 «36 8553,5 11553,5 3,851
372, 6,55 3,191 -1,678 3y RR9E,0 11896,0 3,965
445, 7.83 3.350 -2,240 .38 9902,2 12902.2 4,301
484, 8,52 3,396 -2,560 .39 10294,1 13294,1 4,431
560, 9,85 3,490 -3,182 .40 11214,3 14214,3 4,738
595, 10,47 3,464 -3,503 »40 11285,1 14285,1 4,762
872, 11,82 3,380 -4,222 .42 11578,5 14578,5 4,859
84, 12,04 3,371 -4,332 .42 11520.1 14520,1 4,840




| 2V

$46.7 (REV.
or L oure 0 et
CHECKED BY FILESST L - o 8 . P av DATE
TABLE AS
TRIAXIAL TEST DATA ON SAND TAILINGS
(CONTINUED)
05/29/74 15340144 ATM 000111003 000111 1 50
CONSOLIDATED DRAINED TRIAXIAL TEST

A. AS MINERALS 5467=003-06 UTAH 29

BORING 10, SAMPLE 7, DEPTH 26 FEET, MINE TAILUNG

SAMPLE HEIGHT cevesces ® 5.649 INCHES

S‘HPLE VOLU"E ..'..". . 3’9.750 c.c.

SAMPLE AREA sssasnes ® 4,102 SQUARE INCHES

CONSOLIDATION PRESSURE = 4500, PSF

BEAM LOAD FACTOR ,.,.. ® 9.5583 LBS/PERCENT

DELH ASTRAIN VSTRAIN LSTRAIN POISR SIGDEVE SIGMALE SIRATID

81, 1,43 1,753 . 160 o 31 3712,.5 8212,5 1,825
304, 5.38 1.840 -1.771 .43 8755,3 13255,3 2,946
325, S.78 2,111 -1,821 .42 8339,3 13439,3 2.987
425, 7,52 3.535 -1,994 «39 10836.0 15336.0 3,408
447, 7.91 3,R06 -2,053 3R 11239.5 15739,5 3,498
832, 9,42 5,057 -2,180 <36 12517.3 17017,.3 3,782
631, 11,17 5,374 -2,998 37 13421,5 17921,5 3,983
652, 11,54 5,436 -3,053 37 13688,9 18188,9 4,042
671, 11,88 5,474 -3,202 37 13924.5 18424,5 4,094
747, 13,22 5.572 -3,826 .38 14529,9 19029,9 4,229
282, 17,38 5.597 -5,893 W41 15014,7 19514,7 4,337
21, 18,07 5,606 -6,234 LA41 15240,9 19740,5 4,387

1100, 19,47 5,662 -6,905 .42 15506.6 200066 A 448
1207, 21,37 5,764 -7.801 .42 15439,0 1993%,0 4,431
1227, 21,72 5,772 7,574 .43 15231,0 19731.0 4,385
1248, 22,09 5,808 ~8,142 .43 18164,5 19664,5 4,370




946.7 (REV. ‘
8y DATE ‘I"‘I" REVISIONS
CHECKED 8Y FILE 8Y DATE
TABLE A S
TRIAXIAL COMPRESSION TEST DATA ON SAND TAILINGS
(CONTINUED)
CONSOLIDATED UNDRAINED TRIAXIAL TESTS
Moisture Content Dry Density
In Percent in 1lbs/cu ft
Before After Before After Confining Deviator
Boring Depth Soil Consol- Consol- Consol- Consol- Pressure Stress
No. in Feet Classification idation idation idation idation in lbs/sqg ft in lbs/sqg ft
1 20.5 SM 112 26.5 96 36 1,500 14,352
1 30.5 SM/ML 22.8 25.9 96 96 3,500 14,987
1 35.5 SM/ML 23.5 24.3 97 97 5,500 37,026
T 4 20.5 SM 10.9 28.3 23 93 2,500 21,161
~ 4 30.5 SM/ML 28.2% 25.8* 89* 89* 4,500 36,897

*Moisturs and Densities ar2 approximate.

UNCONSOLIDATED UNDRAINED TRIAXIAL TESTS

Confining Deviator
Boring Depth Soil Moisture Content Dry Density Pressure Stress
No. in Feet Classification In Percent in lbs/cu ft in lbs/sq ft in lbs/sq ft
A-6 20.0 SM 24.5 96 3,000 9,294
A-9 20.0 SM 26.90 95 4,500 10,034

DAMES B MOORE
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FILE
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946.7 (REV.

TABLE A6
TRIAXIAL COMPRESSION TEST DATA ON SLIME TAILINGS

CONSOLIDATED UNDRAINED TRIAXIAL TEST
WiITH POKE PRESSURE MEASUREMENT

ATLAS MINERALS S467-018-06 UTAH SEPT 23 77
BORINGAl SAMPLE SB DEPTH 40.5 FT

SAMPLE HEIGHY — 3T 5.21 IN
SAMPLE AREA = 4.50 SQ IN
CONSOLIDATION PRESSURE = 100 KSF
INITIAL PORE PKRESSURE - 0.0 PSI]
BEFORE CONSOLIDATION

DRY DENSITY 86.0 PCF

WATER CONTENT
AFTER CONSOLIDATION

DRY DENSITY

WATER CONTENT
BEAM LOAD FACTOR

35.30 PERCENT

88.0 PCF
35.20 PERCENT
1492 LBS/PERCENT

AXIAL PORE DEVIATOR SIGMA3 SIGMA] STRESS

STRAIN PRESSURE STRESS EFFECTIVE RATIO ABAR  PBAR  QBAR
PCT KSF KSF KSF KSF _ KSF KSF
.29 .23 42 77 1419 1456 55 .98 .2l
.58 .32 .S .68 1.23 1479 .58 .95 .27
.96 40 .65 .60 1.25 2,09 .62 7,927 1,32

1434 43 .74 .57 1.31 2,30 .59 .94 37
1.92 46 .85 .54 1639 2,57 .56 .96 42
2450 ‘6 .96 .54 1.50  2.79 7 L4B T T1.02 .48
3.26 43 1407 .57 1.664 2,88 .40 1,10 .53
“.03 062 1.18 .58 1,76 3,02 .35 1.7 .59
G.B0 40 16267 .60 1484 3,08 432 1.22 .62
5.57 .37 1.30 .63 1.92  3.07 29 1.27 .65
6433 .36 1.33 ‘64 1s97 3,08 427 1,31 .67
70 ¢35 1436 T ,65 T 2,02 3,08 .25 1.3¢ 68
7.87 .33 1.37 .67 2404 3,05 .26 1.36 .69
8464 .33 1439 67 2,06 3,08 .26 1,36 .69
9460 .32 1.40 068 2,087 3,06 .23 T1.38 .70

10.56 «30 1e41 .70 2411 3,02  J21  1.40  LT0

11.52 .29 1,62 .71 2.13 3,00 .20 1.42 .71

12,648 W29 T1ek2 T LT 2,137 773,00 TTTR207T 1R LT

13,64 .29 1.43 71 2414 3,01 .20 1,43 .71

14,40 .29 1444 .71 2415 3,02 .20 1.43 72

15436 .29 1545~ 7 7,1 24167 3,03 .20 1.4k T2

16.3) .29 1,46 .71 2417 3,05 .20 l.46 .73

BMALEE 6 MMCORK
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946.7 (REV. -.‘

TABLE A6
TRIAXIAL COMPRESSION TEST DATA ON SLIME TAILINGS

CONSOLIDATED UNDRAINED TRIAXIAL TESTY

(CONTINUED)

WITH PORE PRESSURE MEASUREMENT

ATLAS MINEFALS, 5467-018-06 APKIL 741977
BOF INGRP « SAMPLE 4+DEPTH 30,0 FEET BrOWN SANDY SILT
SAMPLE HEIGHT B 5.03 IN
SAMPLE AREA B 4.36 SO IN
CONSOLIDATION PRESSUKRE = 4.00 KSF.
INIT. MAX, PRIN. STRESS = 4.00 KSF
INITIAL PORE PRESSUKRE = 72.8 PS1
BEFORE CONSOLIDATION
DRY DENSITY = EKRB.,4 PCF
WATER CONTENT =  3l.80 PERCENT
AFTER CONSOLIDATION
DRY DENSITY = 95,6 PCF
VATER CONTENT = 2R.20 PERCENT
HEAM LOAD FACTOK = 9.58 LBS/PERCENT
Axlal PORE DEVIATOR SIGMA3 SIGMAYl STRESS
STRAIN PRESSURE STRESS EFFECTIVE RATIO ABAR PRAR GBAR
PCT KSF KSF KSF__ _KSF KSF KSF
o202 115 1.71 2.85 Lo.55 1.60 «68 3.70 « 85
«99 2+28 257 1.72 4.79 Pel9 «89 3,01 1.28
145G ZebaS 304 1.55% 4,5y 2ok B 30T 1.52
23R Ce5] 3.0% ] e49 4ehe 3.07 o] 3¢08 lebw
2.7H 2+51 3.29 1.49 L A 3.20 o756 3.14 1.65
3.18 251 3.37 1.49 LeB7 3.26 « 74 3.18 1.69
3.5R 251 3.51 149 5.00 3.3% 71 3.25 1.75
3.97 249 3.59 1.51 5.10 3,38 «69 3.30 179
La37 2et49 3463 1.51 Sela 3.6] «69 3.32 1.82
Lo97 2+45 3.76 1999 S.31 3.42 «65 3443 1.88
5.9k 233 3.87 1.67 5.54 3.32 60 3.60 1.93
6.95 2+26 4,06 le74 5.80 3.34 «56 3.77 2,03
795 2e.22 bol7 1.78 5.95 3,34 53 3.87 2.08
B.34 2elb L,24 l.864 6,08 3.30 51 3.96 2.12
B.74 2013 4.25 1.87 6.11 3.27 «50 3.99 2.12
9.14 2.]? 4,26 lebd helb 3026 «50 4.,0]) 2+13
9,56 2410 w27 1,90 bl 3,25 .49 6,03 2,13
G.93 celY 4e25 l1evl 610 .22 LS 4,06 el
0.33 2.07 GLal3 le93 6.16 3.20 e 45 4,04 2ell
N.93 206 Lbol7 ]« 94 6.1) 2 1% 49 4,03 2.09
1.%2 Zel% 4el3 196 t.0e 3.11 o 50 “,02 2.06
91 2.03 3.9¢ 1.97 S5.9] 3.00 52 3.9« 1.97
S BB 8 RSO0 RE
A—24




TABLE A6
IRIAXIAL €. 'RESSION TEST DATA ON SLIME TAILINGS
(CONTINUED)
o
2
i CONSOLIDATED UNDRAINED TRIAXIAL TEST
g WITH POKE PKESSUKE MEASUREMENT
»
&a ATLAS MINERALS S467-018-06 UTAH SEPT 23 77
BORINGA3 SAMPLE & UEFTH 30 FT
SAMPLE HEIGHT = 4,94 N
SAMPLE AREA = 4.39 YU IN
4 CONSOLIDATION PRESSURE =  2.00 K&F
INIT. MAX, PKIN., STRESS = 2,00 KSF
{ INITIAL PORE PRESSURE = 0.0 PSI
N BEFORE CONSOLIUATION
N DRY DENSITY = 91.0 PCF
WATEK CONTENT = 32.40 PEKCENT
N AFTER CONSOLIDATION
DRY DENSITY = 94,9 PCF
.% WATER CONTENT = 29.10 PERCENT
£ REAM LOAD FACTOR z 1.92 L.BS/PERCENT
@®:
N
® AxTAL PORE VEVIATOR SIGMAZ3 SIGMA]  STRESS
2 STRAIN PRESSURE STRESS EFFECTIVE RATIO ABAR  PBAR  (QBAR
- PCT KSF KSF KSF KSF KSF KSF
® !
e 20 cbb + 16 1.54 2.30 1649 61 1.92 .38
W40 W69 1.01 1.31 2.32 1.27 69 1.8) «50
71 «86 1e26 lelé 2.0 2.09 .70 1.75 62
1.01 .94 1.37 1.06 2.43 2.29 68 1,75 .68
les2 .99 1.54 1.01 2.55 2.53 b4 1,78 17
2.02 1.01 1.78 .99 2:77 2479 .57 " 1.88 <89
% 2.83 .99 2.06 1.01 3.07 3.05 48  2.04 1,03
- 3.64 e 95 ?-36 1005 30‘01 3.24 ) 2.23 1018
a 4425 .91 2454 1,09 3,63 3,32 236 2,36 1,27
Ay ‘0080 «86 Ce13 1.1‘0 31,87 3.‘01 «32 2.50 1037
N §ek? .82 2.91 1.18 4,09 3,47 28 2.64 1e46
b 6.07 5 3.07 1.26 4,3) 3.48 25 2,77 1.54
v Je 7.09 .69 3.32 1.31 4,64 3.54 21 2.97 1.66
¥ Be10 .60 3.58 1440 4.98 3.57 17 3419 179
§ S.11 52 3.83 1.48 §.31 3.58 elé T 3,40  1.9)
25 10.12 43 4,06 1.57 S.61 3.58 ell 3.59 2,02
11.13 .35 4,25 1.65 5.90 3.57 .08 3,78 2.12
12.15 .29 4,39 1.7} 6.10 3.56 07  3.91  2.20
“,— 13.16 .20 4,53 1.80 633 3.52 06 4,06 2,27
>
g DBAMES 8 MOORE
b
o




TABLE A6
IRIAXIAL COMPRESSION TEST DATA ON SLIME TAILINGS

(conTINUED)

DATE

CONSOLIDATED UNDRAINED TRIAXIAL TEST
WITH POKE PRFESSURFE MEASUREMENT

REVISIONS
8y

ATLAS MINEFALSs S4bh7=018=06 APXIL 7.1977
30K INGAA SEMPLE 6 DEPTH S0 FT

CAMELE HEIGHT = 4,.8] IN
SAMPLE AKEA = 4.1]1 SO IN
CONSOLIDATION PKESSURE = 8,00 KSF
INIT. MAX, PRIN, STRESS = 8,00 XSF
INITIAL PORE PRESSURE = 57,0 PS]
KEFORE CONSOLTUATION

DRY DENSITY H2.4 PCF

WATER CONTENT
AFTER CONSOLIDATION

DRY DENSITY

WATER CONTENT
sEAM LCAD FACTUR

36.30 PERCENT

95.9 PCF
28430 PERCENT
7.67 LES/PERCENT

LI LI 1

AxIaL PORE DEVIATOR SIGMA3 SIGMA]l STRESS

STRAIN PRESSURE STRESS EFFECTIVE RATIO AHAR FBAR QBAR |

PCY KSF KSF KSF KSF KSF KSF ‘

N 1.86 2435 hold B9 1.38 «79  7.32 1.18 ‘

o 85 2ebb Cebl 5.56 7093 1.43 1.03 6.74 120 J
10’: 301, 1-]% w.*q 70Qh 1.&& 100] A-“l !o”ﬂ
Pely Lyl Je6H6 Setd! 1e%52 1e95 lel3 D70 let3
3.158 4¢3l 3.77 3.69 Tea? 2.02 l.14 S5.58 1.89
3.87 4454 3.95 3,46 Teta] 2elb 1415 Seb4 1.98
4,33 4,65 a3 3:35 7.38 220 115 5.37 2.02
[ 6409 6.78 4e13 3,22 7.35 2,28 1416 5.28  2.06
8 5.74 GoB7 4,20 3.13 7.34 ?e36 1.16 5.23 2410
p¥ beh3 beGa Lo26 3.06 7.32 239 1.16 5,19 2.13
L ‘ 7.05 4,95 “027 3.05 7.32 ?o“ﬂ 1016 S.le 2.13
£ 7.53 4098 430 3.02 7.31 a2 1.16 S5.17 2e15
N 3 8.13 5.00 4,32 3.00 7.32 2464 1.16 S5.16 2e16
S B8.84 5.01 4.31 2499 7.30 2ebb 1.16 5.14 2.15
o 9,44 5.01 4433 2.99 7.32 2.45 1416 5,15 2.16
&3 9, A8 5401 4.33 ?2.99 7.32 2.45 1416  5.16 2,17
10.96 S.0] Lo.26 299 7.25 el 1.1R 5.12 213
11.92 b oGk G,o19 3, N2 7.21 2.39 1.19 5.1l 2.09
13:73 4,98 4,08 3.02 7.10 2:.35 1.22 5.06 2.06
]3.60 “'98 “002 3.02 7.03 ?033 lo?“ 5.03 200]
DRMEDS & MOORE

et
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DATE

REVISIONS
8y

057186

TABLE A6

JTRIAXIAL COMPRESSION TEST DATA ON SLUIME TAILINGS

/74 14:32110 ATH

(CONTINUED)

000111003

000114

CONSOLIDATED PORE PRESSJURE TRIAXIAL TEST

ATLAS MINERALS, UTaH,

BORIN

£467-003=06 16 4

AY 1974

G 12, SAMPLE 6, DEPTH 34,5 FEET,LT, BRN, CL) SILT

SAMPLE HEIGHT

sesevwes ¥ 5,677

INCHES

SAMPLE AREA sevvsenvse © 4,319 SGUARE INCHES
CONSOLIDATION PRESSURE = 2500, PSF
INIT, MLX, PRIN, STRESS®= 2500. PS8F
INITIAL PORE PRESSURE » 70,0 PSI
DEFL STRAIN UPRESS SIGDEVY SIGMAJE SIGMAIE RATIO ABAR
MILS PSF PSF PSF FSF
20, 035 432,0 1135,4 2068,0 3203,4 1,95 38
40, 70 1152,0 1767,0 134¢€,0 3135,0 2433 N
€0, 1,06 13563,6 2086,2 1146,4 3232,6 2.82 65
80, 1.41 14544 2204,8 1045,6 3250,4 J.14 66
100, 1,76 1526,4 2343 ,4 973,6 3317,0 3,41 e85
120, 2,11 1584,0 2460,1 $16,0 3376, 3,69 W64
140, 2,47 1584,0 2565,5 916,0 Jagy,5 3,80 62
160. 2,82 1584,0 2618,3 916,0 3634,3 3,86 «6C
180, 3,17 1569,6 2732,5 93C,4 1662,9 3,04 57
200, 392 1569,6 2804,8 930,4 3738,2 4,01 -1
220. 3,88 1558,2 2ugke,? Gece,n 3EN3,% 4,C6 -1
240, 4,23 1540,8 2978,14 o .2 3937,3 4,10 052
260, 4,58 1497,6 304¢€,4 1002.4 A050,8 4,04 49
280, 4,93 1483,2 3148,5 1016,8 405,13 4,10 47
300, 5,28 1440,0 3227,.6 i060C,0 4287 .6 4,04 45
350, 6,47 1382.4 3457 ,4 1117,6 4575,0 4,08 «40
400, 7,05 1353.,6 3682,7 1146,4 4799,1 4,19 37
450, 7,93 1296,0 3633,.8 1¢04,0 5037,8 4,18 s34
500, 8,81 1252,8 3981,6 1247,2 5228,6 4,1% o34
550, 9.65 1195,2 4135,5 1304,8 5440,3 4,17 29
600, 10,57 11%52,0 42E85,€ 1348,0 3633,6 4,18 27
650, 11,45 1123,2 4413,2 1376,8 5790,0 4,21 25
700, 12,33 10581,2 4509,7 1448,8 59s58,1 4,11 023
750, 13.21 g70,2 4574,9 1820,8 6095,7 4,01 21
850, 14,87 936.C 470%,4 1564,0 0272,4 4,01 20
900, 15,85 921,6 4767 .« 1576,4 6345,6 4,02 W19
950, 16,73 864,0 a8Cs,C 1636,0 6442,0 3,94 18
1000, 17.61% B49,6 4B1E,L 1659,4 6466,9 3,02 18
1020, 17,97 849,6 4aB13,4 1050, 4 6463,8 3,82 18
1040, 18,32 849,6 4827 ,% 1650,4 6477,9 3,93 .18
1060, 18,67 849,6 4832.7 1050,.4 6483,1 3,93 18
1080. 19.0? 84956__‘___‘)_837!@- H16t103j* 64_3§.0__ ____3093 Olﬂ
1100, 19,38 849,6 4833,8 1n50,4 ©484,2 3.93 18
1120, 19,73 B49,6 4829,/ 1650,4 6480,1 3,93 W18
1140, 20,08 849,6 4834,1 1650,4 6484,5 3,93 18
1160, 20,43 849,6 4621,2 1650,4 6471,6 3,92 18
1180, 20,79 649 .6 4799,9 1650,.4 6450, 3,91 W48
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DATE

.v,¢9
CHECKED BY

um1m£m¢1|l‘

05710/74

14:25:128 ATM

TABLE A6

(CONTINUED)

c00111003

000111

CONSOLIDATED PORE PRESSURE TRIAXIAL TEST

ATLAS MINERALS, UTAH,

5467-003-06

BORING 12, SAMPLE 7, DEPTH 39,5 FEET,LT, BRN, CL) SILT

SAMPLE MEIGHT
SAMPLE AREA

L N & 5.642

* 4,430

CONSOLIDATION PRESSUKRE = 4500,
INIT, MAX, PRIN,
INITIAL PORE PRCSSURE = 72,0

STRESSs 4500,

DEFL STRAIN UPRESS  SIGDEV SIGMA3E
MILS P3F PSF PSF
52, .92 2001,6 1629,5 2498,4
70, 1,24 2289,6 2104,1 2210.4
93, 1,65 2548,8 2279,3 1951,2
119, 2,11 2721,6 2439,3 1778,4
140, 2,48 2851,2 2539,4 1648,8
157, 2,78 2894,4 2628,5 1605,6
182, 3,23 2980,8 2700,9 15319.2
205, 3,63 3052.,8 2773.5 1447,2
234, 4,09 3096,0 2B55,9 1404,0
254, 4,50 3139,2 2003,2 1360,8
ove, 4,50 3.60,0 2R50,6  1332.0
soe, 5,46 3211,2 3015,5 1068 ,8
343, 6,08 3225,6 3077,6 1274,4
352, 6,24 3254,4 3107.,4 1245,6
378, 6,65 3254,4 340,84  1245,6
400, 7,09 3254,4 371,88 1245,6
450, 7,98 3254.,4 3244.8 1265,6
500, B8.86 3268,8 3304,4 1231,2
50, 9,75 3268,8 3351,0 1231,2
€00, 10,63 3268,8  3384,9 1231,2
650, 11,52 3268,8  3461,5 1231,2
700, 12,41 3268,8  3437,8 1231,2
750, 13,29 3268,8 3435,4 1231,2
770, 13,65 3268,8 3432,1 1231,2
790, 14,00 3268,8 3416,0 1233,2
810, 14,36 3268,8  3393,3  1231,2
630, 14,71 3268,8 3358,0 1231,2
850, 15,07 4z268,8  3312,3  12341,2

IMNCHES
SOUARE INCHLS
PSF
PSF
P8I
SIGMALE RATIO ABAR
PSF
a4127.,9 1,65 1:23
é314,5 1,95 1.09
4210,5 Q.47 1,12
4217,7 2437 1.12
4188,2 2,54 1.12
4234,) 2,64 1,10
4220,1 2,78 1.10
4220,7 2,92 1,10
4259,9 3,03 {.08
A264,0 3,13 1.08
4280, € Q.22 1.07
4304,3 3,34 1,06
43%2.0 3,41 1,086
4353,0 3,49 1,08
4386,0 3,52 1.04
4447 .4 e 59 1.03
4490,4 3,60 1,00
4535,6 3,68 « 99
a582,2 3,72 .98
4616,1 3,78 297
__46982,7 3,81 94
4669,0 3.79 95
4866,6 35.79 95
663,13 3.79 .95
4646,2 .78 56
4624,5 3,76 96
4589,2 373 97
4543 .5 3,69 .99
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946.7 (REV :i-,l é:_, ‘II’
8y DATE i REVISIONS ‘II’
CHECKED  BY FILE 67 7/ ®Y_______ DATE __
TABLE A6
IRIAXIA!. COMPRESSION TEST DATA ON SLIME TAILINGS
(CONTINUED )
UNCONSOLIDATED UNDRAINED SINGLE PHASE TRIAXIAIL TESTS
Moisture Content Dry Density
in Percent in lbs/cu ft Confinino Deviator
Boring Depth Soil Before After Before After Pressure Stress
No. in Feet Classification Test Test Test Test in lbs/sq ft in lbs/sq ft
3 50.5 ML 38.4 43.7 82 82 2,500 4,672
3 55.5 ML 34.5 36.4 84 84 3,500 5,890
3 60.5 ML 39.9 41.0 79 79 4,500 4,626
14A 2.0 ML 21.8 99.9 200 1,985
14A 3+ 3 ML 26.7 94.5 350 i,376
> 14A 5.0 ML 26.9 98.5 500 1,401
'.3 14A R ML 23.2 103.9 850 2,638
UNCONSOLIDATED UNDRAINED MULTI-PHASE TRIAXIAL TESTS
Confining Deviator
Boring Depth Soil Moisture Content Dry Density Pressure Stress
No. in Feet Classification in Percent in lbs/cu ft in lbha/sq ft in lbs/sg ft
A-2 40.0 ML 23.8 101 1,500 11,400
3,000 17,858
4,500 20,839
VDEMBETR B BRI G




Boring
Number

A-8

A-11

TABLE A7

TRIAXIAL COMPRESSION TEST DATA
ON NATURAL RED SANDY SOIL

Unconsol idated~Undrained, Multi-Phase

Dry Confining Deviator

Moisture Density Pressure Stress

Depth Soil Classi- Content in lbs/ in lbs/ in lbs/
in ft fication in % cu ft cu ft sq ft
20.0 SP 18.1 102 1,000 4,463
2,000 7,222

3,000 9,459

50.0 SP 7.5 102 1,000 4,608

2,000 7,492

1,000 9,885

8.5 SM/GM 6.3 110 1,000 4,030
2,000 6,537

3,000 9,081

11.0 GM 11.9 117 1,000 4,333
2,000 6,669

3,000 8,909

A-30



ONE-DIMENSIONAL COMPRESSION

One~-dimensional compression (consol’dation) tests were
performed on several samples in order to estimate the compres-
sibility of the natural foundation material. The tests were
performed according to the general procedure shown on Plate A-10,
Method of Performing Consolidation Tests. Resulting compression
curves are shown on Plates A-11A and A-11B, ~onsolidation Test
Data.

PERCOLATION

Several series of per . olation tests were performed in

order to determine the permeability of undisturbed materials.

The tests were categorized into three main groups: (1) sand

tailings material (SM), (2) slimes tailings material (ML) ,
and (3) natural red sandy foundation material. The test result

are presented in Table A8, on the following page. The method
used on performing percolation tests is presented on Plate
A-12.




TABLE A8
PERCOLATION TEST DATA

Surcharge Permeability
Boring Depth Pressure K in feet
Number in feet Soil Type in lbs/sq ft per year
‘ Sand Tailings Material
10 6.5 SM 200 4.0
10 12.5 SM 400 2.0
10 39.5 SP/SM 800 1200.0"
11 18.5 SM 400 20.0
12 8.5 SM 200 35.0
13 17.5 SM 200 14.0
A4 10.0 SM 4,000 550.0
A4 20.0 SM 4,000 54.0
A4 40.0 SM 4,000 73.0
AS 10.0 SM 4,000 16.0
AS 30.0 SM 4,000 210.0
A6 30.0 SM 4,000 58.0
Slime Tailings Material
Al 50.0 ML 4,000 1.3
A5 70.0 ML 4,000 0.2
A6 40.0 ML 4,000 2.4
‘ All 30.0 ML 4,000 0.1
All 40.0 ML 4,000 0.1
Natural Red Sandy Soils

8 $.5 SM 200 13.0

8 18.5 SM/GP 400 99.0

13 49.5 SM 800 490.0
15 8.5 SP 200 370.0
15 13.% SP 400 110.0
15 18.5 SP 800 230.0
15 39.5 SP/SM 800 180.0
Al 60.5 SP 4,000 1.3
A3 43.0 SP 4,000 88.0
A6 62.0 SP 4,000 2000.0

.Loss of soil during test - results invalid.

i 32




. In addition, field permeability tests were performed where
the natural red sandy soils were encountered in the becrings. The
results of these tests are shown in Table A9.

TABLE A9
FIELD PERMEABILITY TESTS ON NATURAL SOILS

Boring Depth Permeability
Number in feet S0il Type K in feet/year

8 13.0 SP-GP 850.0

8 18.0 SP-GP 1400.0

8 28.0 SP-GP 8000.0

15 8.0 SP 256.0

15 13.0 Sp 430.0

15 18.0 SP 220.0

A-33
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|
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|
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(LITTLE On WO
Fings)

| or coarst raac- | GRAVELS WITH FINES

110K (APPRLCIABLL AMOUNT

| o 8O 4 SIEVE
|
1

OF FINLS)

| NPT N e——
|
|
SAND
AND | CLEAN SAND (L1vrit
SANDY | O NO FinLe

[
|
MORE Teaw S0% |
OF MATCRIAL 15 |

|

mm THAN NO

SI1EvE S 2L
MORE Twan 50%
OF COARBE FRAC- | (

Tion P
MO, 4 SiLve

|
|
i

ot

SANDS I TH FINLS
APPRECIABLL AMOUNT
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TYPICAL DESCRIPTIONS

WELL-UNADLD GRAVELS, GwAviL-
SAND MIRTUMES, LITILE On
NG OFINLS

POURL Y- GRADLY GRAVELS  GRAVLY -
SANL MIXTURLS, LITTLEL On

NO FINES
— ——
SILTY GRAVELS, GRAVCL~SAND~
SILT wixTuRes
b s — e e— ———

CLAYLY GMAVELS, GRAVAL -SAND-
CLAY MIATURLS

-— - 4
WELL ~GRADCD SANDS, GRAVELLY
SANUS, LITTLL OR WD FiINLS
SIS rS———S———"
POORL Y ~GRAULD SANDS, GRAVELLY
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FinNg SILTS
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A
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b
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NOTE DUAL SYMBOLS ARL USLD 10

PT

PLAY, WUMUS, SwAMP SOILS
WITH WIGH ORGANIC CONTENTS

BURLLRL INL SUIL

CLASHIFICATIONS,

SOIL CLABSITICATION CHART

UNIFIED SOIL CLASSIFICATION SYSTEM

PLATE




BORING Al BORING A2

ELEVATION 40409 FEET ELEVATION 4031 2 FEET
e
RE. DISH BROWN SILTY ROCK RUBBLE fariese §T LIGHT BROWN FINE TO MEDIUM SAND
FiLL 58% 9908 24 FiLL LOOSE
MIXTURE OF REDOISH -BROWN SiL T LIGHT GRAY SILTY FINE TO MEDIUM SAND
LAY ‘TAILINGS FILL MIXTURE SAND TAILINGS LOOSE
ME DHUM DEN SE
ol
10 92%-9% OCCASIONAL REDDISH BROWN
T/ FINE TO MEDILUM SAND LAYERS
MIXED IN FROM &' TO 12
[T pre—"
GRAY FINE SAND WITH TRACE TO SOME
SILT (SAND TAILINGS LOOSE
20219%
o
© y
w 2%
“
EZY z
s 3 LIGHT GRAY SILT WITH TRACE OF FINE
N i » SAND 'SLIME TAILINGS LOOSE
o — - e = 30
s W 1417 a 3 0%-0l *
re T )
- ) I’ bt ”(f? P
- z .ty
IR R My
£ 38 mmemsennan ‘———J 0-" 38 - e
- il
- !"?, ]
z {14 .
e GRAY SILT WITH TRACE FINE SAND AND OCCASIONAL LAYERS OF GRAY
{11 ML OCCASIONAL FINE SAND STRINGTRS FINE SAND
st g~ ¥ | SLIME TAILINGS! ~ LOOSE a0h28
T /0P { T /UU/ MO
Hi
l Hi OCCASIONAL LAYERS OF SILTY GRAY FINE SAND WITH TRACE OF SILT
i ¢ FINE SAND FROM 41° TO S8 SAND TAILINGS LOOSE
b o e
‘ Memtmsininiil K PrA————
1
~ REDOISH- BROWN MEDIUM TO COARSE
&l SAND WITH SOME FINE GRAVEL
t Q8% |
Yolt 50 8¢ NATURAL SOIL DENSE
i 4 & BORING COMPLETED TO A DEPTH OF
T S1LSFEETYON 277
3 4 \ SLOTTED PVC PIPE INSTALLED IN HOLE
inj @8 LN CASING USED TO A DEP'TH OF 7.5 FEET
¥ B | 58 - —
Bi§|
Gy KEY
‘d)"t» TEP| RE0OISH BROWN MEDIUM SAND WiTH A-Blc
T“ . 4 TRACE FINE SAND - INATURAL SO o
Jaiy b solilh 95 9o i DENSE
Cﬁ:, ! ) it GRADES WITH SOME GRAVEL
R A FIELD MOISTURE EXPRESSED AS A PERCENTAGE
?"‘; e OF THE DRY WEIGHT OF SOIL
. € ORY DENSITY EXPRESSED IN LBS PER CUBIC
LE BtfiSs FOOY
e C BLOWS PER FOOT OF PENETRATION USING A
BORING COMPLETED TO A DEFTH OF 140 LB MAMMER DROPPING 30 INCHES
6. DFEETON 72 17 N
SLOTTED PVC PIPE INSTALLED N HOLE B THORIN TERTE FREVERMRE 0N SANELE
CASING USED TO A DEPTH OF 7 § FFET G & GRAN SIZE ANALYSIS
B Bt 0.8 DIRECT SHEAR TEST
u PERCOLATION (PERMABILITY | TEST
CONSOL -~ CONSOLIDATION TEST
Tatote THIAXIAL COMPRESSION TEST
DEPTH AT WHICH UNDISTURBED SAMPLE WAS
NOTES EXTRACTED
TELEVATIONS OF BORINGS ARE BASED ON U 5.6 § § DEPTH AT WHICH DISTURBED SAMPLE WAS
DATUM. PLANT ELE vATION 500, 0 CORRESPONDS EXTRACTED
TO 4028 ) MSL M SAMPLING ATTEMPT WITH NO RECOVERY

LOG OF BORINGS

PLATE A-3A




BORING A3 BORING A4

) ELEVATION 4020.5 FEET ELEVATION 40400 FEET
s———— 0
.t'.:;;fL‘; .«‘;','U‘Alisf SANDY BILTY ROCK REDOISH-BROWN ROCK RUBBLE WITH
. “o
N LIGHT GRA Y FINE SASID WITH TRACE OF e T ANGRY AN — FHLL,
MIXTURE OF LIGHT REDDISH -GRAY
SILT AND WITH LAYTRS OF LIGHY GRA v SILTY FINE TO MEDILM SAND
SILT WITH TRACE OF FINE SAND (SAND : AND
e i W REDDISH BROWN SILTY FINE TO
] AND SLIME TAILINGS LOOSE ) e COARSE SAND "TAILINGS
FiLL MIXTURE MEDIUM OENSE
24,8 4 9
RIS SN o 13%-0
!
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g " '
: > b
-
w
-
20— 20882 |‘
z . |
!
] i E
\’\ a ,‘
! 1
L] b p— 2% "
2
¢ E 3
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j S0 52.$v“. 9 (SLIME TAILINGS) - LOOSE B n
vl Gs
~ ’ TR /CU/ PP .
q K e
AT LIGHT GRAY SILTY FINE SAND <
SAND TAILINGS) -~ LOOSE »
B e e 2
4 REDDISH BROWN FINE TO COARSE SAND T SOME ROCK FRAGMENTS AT 38’
: WiTH SOME FIKE TO COARSE -
1 . L @‘\{fL NATURAL SOIL) MEDIUM § RAR% Y y GRADES MEDIUM DENSE
DENSE
55% 200 a7 ‘% .
68,k . BORMGL COMPLETED TO A DEPTH OF
A3 OFEET ON 3-»-17 1" LAYER OF CLAYEY SILY AT &'
4 SLOTTED PVC PIPE INSTALLED IN MOLE 43 —
CASING USED TO A DEPTH OF 7.5 FEET
¢ 1" LAYER OF CLAYEY SILT AT 48
[ (h
| o, %0
| ‘“)"! NUMEROUS 2" LAYERS OF CLAYEY
| 119 SILY 50’ YO 5%/
| :V'
I E - 4
(w3
' B cnieinir
|
¥ '3
) “j
&
3 N §
Iy
' ‘ v
(3]
REDOISH-BROWN FINE TO COARSE SAND
WITH SOME GRAVEL NATURAL SOIL
DENSE
GRADES WITH MORE FINE AND
70 i COARSE GRAVEL

BORING COMPLETED TO A DEPTH OF
70.5 FEET ON 3877

SLOTTED PVC PIPE INSTALLED N HOLE

CASING USED TO A DEPTH OF 7 8 FEEY

LOG OF BORINGS
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BORING A5

ELEVATION 40109 8 FEETY

REDDISH BROWN SILTY ROCK
FRAGMENTS (FILL)

MIXTURE OF REDDISH GRAY SILTY FINE
TO MEDIUM SAND AND REDDISH -BROWN
SILTY FINE TO MEDIUM SAND
TAILINGS - FILL MIXTURE
MEDIUM DENSE

LIGHT GRAY SILTY FINE TO MEDIUM
SAND ‘SAND TAILINGS LOOSE

1S ————
20} 4
T TWCwee th '1
Gs
H ‘l
il
"
28— Al
KoM
w GRADES WITH MORE SI\
il
30 214% 9@ 6
Y68, K
39—
GRADES MEDIUM DENSE
solddh-jem ¢ |
W Qe
Gs v
as S
O,
GRADES WITH LESS SILT
I — |
&0 21 1 %08 GRADES WiTH MEDIIM SAND
“ W cuiee LESS SILT
Gs
[} J—— |
i
T ML LIGHT GRAY CLAYEY SILT WITH FINE
) SAND LAYERS (SLIME TAILINGS
MEDIUM DENSE
1o 328% 11 3% i
o |
I
 Je——— !
LIGHT GRAY SILTY FINE TO MEDIUM
11 SAND 'SAND TAILINGS
vh‘."
o
B ettt v 5P REDDISH BROWN FINE TO MEDIUM SAND
WITH FINE GRAVEL NATURAL SOIL
® o VERY DENSE
BORING COMPLETED TO A DEPTH OF
62 5 FEETON ) @77
o SLOTTED PVC PIPE INSTALLED N MOLE

CASING USED TO A DEPTH OF 7.5 FEET

N

DEPTH

BORING A6

Qe

3 e

msoz:-eg. ]

| P —

sodedneim 6

0 -
Ts/CU/PP

GS

H

ELEVATION 4040 7 FEEY

o T ——————
REDOISH-BROWN 30CK RUBBLE WITH
SILT AND SANL - (FILL)

MIXTURE OF REDISH LIGHT GRAY SILTY
FINE SAND AND REDOISH - BROWN SILTY
FINF TO MEDIUM SANMD (TAILINGS
FILL MIXTURE MEDIUM DENSF

GRADES LOOSE

TANNISH GRAY SILTY FINE SAND
[SAND TAILKWGS LOOSE

CIGHT GRAY CLAYEY SILT WITH FINE
SAND (SLIME TAILINGS LOOSE

GRADES WITH LESS CLAY AND
MORE FINE SAND

GRADES WITH MORE CLAY AND
LESS FINE SAND VERY LOOSE

REDOISH BROWN FINE TO COARSE SAND
WITH SOME SANDSTONE GRAVEL
NATURAL BOIL VERY DENSE

68 e

LOG OF BORINGS

BORING COMPLETED TO A DEP TH OF

6L OFEET ON )} 877
SLOTTED PVC PIPE INSTALLED IN HOLE
CASING USED TO A DEPTH OF 7 5 FEET
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BORING A7 BORING A8

ELEVATION 4 FEETY

ELEVATION M9 4 FEET

yo 3% 14l 28

REDOISH BROWN FINE TO MEDIUM
SAND WITH TRACE SILY NATURA
SO MEDIUM DENSE

BORING COMPLETED TO A DEPTH OF

W ASFEETONDY -7
LOTTEQ PVC PIPE INSTALLED N HOLE
CASING USED TOA DEPTH OF 7.5 FEET

LOG OF BORINGS

REDOISH BROWN SILTY ROCK RUBBLE GM REDOISH BROWN SILTY ROCK RUBBLE
¥ Saooll e h Y] (FILL)

KGHT GRAY SILTY FINE TO MEDIUM (g GHT GRAY FINE TO MEDIUM SAND wiTh
SAND SAND TAWINGS ‘q‘ " SILY SAND TAILINGS LOOSE
MEDIUM DENSE .‘; |

D e '3 4} 1]
’ " n"!“'
GRADES LOOSE w:”p GRADES WITH LESS SILT
b
i
'av'!
GRADES TO MOTTLED LIGHT 5 0 w "u"",“
» U1
RAY AND LIGHT YELLOW GRAY : S "‘:lw GRADES WITH MIXTURE OF
w ',‘""'1‘ REDDISH BROWN SILTY FINE TO
1-“" MEDIUM SAND -~ MEDIUM DENSE
2 nu|
il
2 | esmsvsiimacamusilill .:'
= .- REDOISH BROWN FINE SAND WITH TRACE
w i il SPV SILT NATURAL SOI MEDIUM DENSE
8% 1020 22
E Toruusve BORING COMPLETED TO A DEPTH OF
GRADING GRAY IN COLOR WITH 6s 208 FEET ON 39 77
CLAYEY SILY SLOTTED PVC PIPE INSTALLED IN HOLE
CASING USED TO A DEPTM OF 7.5 FEET
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BORING A9 BORING AIO

ELEVATION 4007 9 FEETY ELEVATION 1986 ¢ FEEY

REDDISH BROWN SILTY ROCK RUBBLE
e FiLy)
M
Al MIXTURE OF RECDISH BROWN SILTY

REOOISH GRAY SANDSTONE ROCK

RUBBLE FiLL
i LIGHT GRAY SILTY FINE TO MEDIUM
1‘\“ SANDY VINE GRAVEL AND GRAY SILTY SAND (SAND TAILINGS MEDIUM
a = . .H“.' FINE TO MEDIUM SAND TAILINGS DENSE
',““ FILL MIXTURE MEDIUM DENSE
PR
\ o
el 0 JINR
1 Iv‘”ﬁ: GRADE S LOOSE
[
i
i
Li¥
Bt it REDUISH-BROWN SILTY FINE TO MEDIUM
" SAND WITH SOME COARSE SAND AND
b FINE GRAVEL - (FILL)- DENSE
ILhi
H-c,’dg,
ws0%ssm 9 Bt
Sl ‘“_ BORING COMPLETED TO A DEFPTH OF
A '.g 20.5 FEET ON 3-9- 77
w ”h‘b‘ SLOTTED PVC PIPE INSTALLED N HOLE
- “, " CASING USED TC A DEPTH OF 7.5 FEET
i R o 28 e
B o E
EEd 3 F”‘) GRADES WITH SOME SMA
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SILTY FINE TO MEDIUM SAND
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e0R28% 20 22
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- DENSE

I*
" X 14 9% i
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rd
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W - SLOTTED PVC PIPE INSTALLED IN HOLE
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BORING All BORING Al2

ELEVATION 4028 8 FECT ELEVATION 4045 7 FEET
TR AT BPRR
: REDOISH GRAY SANDSTONE ROCK M GM | RECOISH-BROWN SILTY FINE TO COARSE
43% 03 { SM RUBBLE FiLl SANDSTONE GRAVEL (NATURAL SOIL
" REDOISH BROWN SILTY FINE TO MEDIUM DENSE
w SAND FiLL LOOSE 43298 DAL Witk SRS
s S " LIGHT GRAYISH - SROWN SILTY FINE TO E
MEDIUM SAND (SAND TAILINGS msots :l;:z_:!wz:!cg::us -
LOOSE
REDOISH- BROWN SILTY FINE TO MEDIUM
Wit - BAND WITH SILTY FINE AND COARSE
i o SAMDSTONE GRAVEL — MEODIUM DENSE
w REQOISH _BROWN SILTY FINE AND COARSE
- SANDSTONE GRAVEL - MEDIU
Y DENSE TO PO UE
<
)
5 E vs!—-—i.
il GRADES TO MIXTURE WITH B e !
" | REDOISH SILTY MEDIUM SAND &
. B 2 GRADES VERY LOOSE =
} | BORING COMPLETED TO A DEPTH OF
{ H 20.5 FEETON 3917
P!' | SLOTTED PVC PIPE INSTALLED IN HOLE
n CASING USEu TO A DEPTH OF 7.8 FEET
28 —————— i 23 ———-
lI r,p
i
MK
H} ’> - LIGHMT GRAY CLAYEY SILT WITH SOMFE
o BINRE g I ML FINE SAND (SLIME TAILINGS
ol | - ‘ LOOSE
Hil
il BORING AI3
11
"_l GRADES WITH LESS FINE SAND ELEVATION - NOT DETERMINED
38 el | ) 4]
1 |[ HEDDISH BROWM SILTY SAND WITH FINE
(i TO COARSE SANDSTONE GRAVEL
i“““‘l AND COBBLES INATURAL SOIL
(11 ; DENSE
i GRADES WITH MORE CLAY S6%- 3@ oc
oXo%-teg 7 .dlillif scm
: — oot
e I 4 %104 47 GRADES MEDIUM DENSE
1 | WHITE SANDSTONE BOULDER
; AT §' 2"
L4 W 0 V—
LT ] 2 ! GRADES WITH SILTY FINE TO
Te/W/ facead MEDIUM SAND LAYERS ~ LOOSE
REDDISH BROWN FINE SAND WITH SOME E as
SILT - INATURAL SOIL MEDIUM
o x
501 Lgi i -y !
b e BORING COMPLETED TO A DEPTH OF W el [
= 50 5 FEET ON 3-9-77 ‘
SLOTTED PVC PIPE INSTALLED IN HOLE |
CASING USED TO A DEFTH OF 7.5 FEET
L% 7
55 —_— 20
BORING COMPLETED TO A DEPTH OF
20.8 FEET ON 3-10-77
SLOTTED PVC PIPE NSTALLED IN HOLE
CASING USED TO A DEPTH OF 7.8 FEET
29—

BORING AI4

ELEVATION 4009 FEEY

REODISH BROWN SILTY SAND WITH
\ OCCASIONAL BANDSTONE GRAVEL
LIGHT GRAY FINE SANDY ST AND SOME
. CLAY- MEDIUM DENSE
CWATER ENCOUNTERED AT 3.5 FEET ON 104 78
GRADES WITH LESS FINE SAND
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E /W@ s

25 2%, - 104
Ta/ dul) Puseeo
) b ety

MET REFUSAL AT BEDROCK
BORMNG COMPLETED TO A DEPTH OF
9.9 FEET ON 1-04- 78
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ELEVATION 1018 MS1 ELEVATION 1047 M%
M RE fu-,». BROWN SILTY VERY FINE SAN REDDISH BROWN SILTY FINE SAND WITH
005t SOME GRA VE AN WCCASIONA
COBBLES LOOSE
GRADES FINE TO COARSE ANT
MEDIUM DEN SE
WRADES WITH SOMFE FINE RAVE
WADES MEODIUM DENSE WITH FPLATY SANDSTONE FRAGMENT
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z E
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P4 G- | ALTERNATING LAYERS OF REDDISH - BROWN
) 44! : M FINE SAMD AND SILTY FINE SAND
& ,‘,‘. : MEDIUM DENSE
“y - f MUY BORING COMPLETED AT 5 ON § 30 N e 9
%0 = GROUND WATER NOT ENCOUNTERED B 3
\ GRADES WiITH SOME CEMENTED
¥ b LAYERS
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J
A 9§ == k
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GROUND WATER MOT ENCOUNTERED
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BORING P-3

ELEVATION 4004 MSL

ASP | REDDISH - BROWN FINE SAND WITH SOME
SILT AND WITH SOME NEAR  SURFACE
GRAVEL AND COBBLES TO 2' DEPTH
LOOSE

..
Pre— -
a ~A_3s
GRADES MEDIUM DENSE
om—— W (43 IRADES FINE TO COARSE WITH

SOME SILT AND GRA VEL

ALTERNATING LAYERS OF REDODISH
BROWN FINE SAND AND SILTY FINE
SANDWITH OCCASIONAL GRAVELLY
LAYERS AND OCCASIONAL THIN
LAYERS OF FINE SANDY SILY
ME DIUM DEN SE

BORING COMPLETED AT 40.0° ON 10 4 7%
GROUND WATER NOT ENCOUNTERED

LOG OF BORINGS

PLATE A-3H




DAYE.
Darg

|
|

~aTe

FEEY

DEPT H

BORING |

ELEVATION 4030 6 FEEY

> -roousu BROWN GRAVEL 1N A M
SILTY FINE TO COARSE SAND
. MEDIUM DENSE (FILL
LIGHY BROWN SILTY FINE SAND LOOSE
TAILINGS
GRADING wnu zones OF FINE SAND
§ —smen WITH TRACE $
]
10 e e
a2n-97@
68,08
GRADING WITH ZONES OF
9 L REDDIS - BROWN COLOR AND
MEDILM DENSE
®
GRADING GRAY ISH - BROWM IN COLOR
20 -
HEZ%-96 @
68, n/cy
28— e
seE%NI008
65,08 GRADING LOOSE AND WITH ZONES
OF SILTY VERY FINE SAND
T D— —
2286% -9
6.8, nn/Cy
" GRADING MEDIUM DENSE
ZAS%N-97T
6.8, Ta/CU
GRADING LOOSE
Sl ndsaanii WATER LEVEL 12- 1 72
[ P ——
6% 0@
68,08
80 — .
GRADING WITH OCCASIONAL THIN
LAYERS OF LIGHT GRAY CLAYEY
SILY (SLIMES
L1
GRADING MEDIUM DENSE
226%- 088
00— e SAND GRADING LIGHT BROWN IN
COLOR
GRADING GRAYISH BROWN IN COLOR
[ 1]
27i% 58
08,08
GRAY CLAYEY SILT VERY STIFF
SLIMES
REDDISH BROWN SILTY FINE SAND
VERY DENSE (PARTIALLY CEMENTED
CEMENTATION GRADING OUT
GRADING WITH OCCASIONAL THIN
LAYERS OF COARSE SAND AND
FINE GRAVEL
GRADING WITH OCCASIONAL LAYERS
OF FINE TO MEDIUM SAND

REDOISH BROWN FINE TO COARSE SAND
AND GRAVEL DENSE
BORING COMPLETED 1) 28 72

LOG OF

NOTES
PLE ZOME TER INSTALLED
TOADEPTH OF 47 FEET
CASING USED TO 2 FEEY

[, P—
85%-iem
Gs, 08

BORING 2

38-

40

BORING

NUTES
PEZOMETER INSTALLED YO A DEPTH OF 37 FEET
CASING USED TO ) 0 FEET

S

-

"REDDISH

VAT FEET

M- AVEL W A MAY'II oF
SILTY FINE TO COARSE SAN
MEDIUM DENSE (FiLL
CRAYIEW- BROWN SILTY FILE SAND
LOOSE (TAILINGS
GRADING WITH OCCASIONAL ZONES
OF FINE SAND WITH TRACE SILT
AND OCCASIONAL SEAMS OF
CLAYEY SILY
GRADING LIGHT BROWN IN COLOR

REODISH BROWN SILTY FINE SAND WITH
TRACE COARSE SAND OENSE FiLL

GRADING WITH OCCASIONAL ZONES
OF COARSE SAND AND FINE GRAVEL

REDDISH- BROWN FINE GRAVEL WITH SOME
FINE TO COARSE SAND - DENSE

BROWN SILTY TINE SAND WITH
OCCASIONAL ROOTS DENSE

REDDISH-BROWN FINE SAND WITH TRACE
SILT MEDIUM DENSE

WATER LEVEL 12-1-7M

REDDISH BROWN FINE GRAVEL WITH SOME
FINE TO COARSE SAND MEDIUM
DENSE

REDDIS H-BROWN FINE YO MEDIUM SAND
MEDIUM DENSE

BORING COMPLETED 1) - 29~ 72
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BORING 3 BORING 4

ELEVATION 4028 7 FEET ELEVATION 40308 fLET

GRAYISH BROWN SILTY FINE SAND REDDISH OWN COARSE GRAVEL IN A
LOOSE TAILINGS MATRIX OF SILTY FINE TO COARSE
SAND MEDIUM DENSE (FILL

LIGHT BPOWN SILTY FINE SAND — LOOSE
TAILINGS

GRADING WITH ZOMNES OF

GRADING WITH OCCASIONA s
FINE SAND WITH SOME SILT SOSARIONAL, ZoNE

OF FINE SAND WITH TRACE SILT

WATER LEVEL 1 - 30 - 12 BI%-950 12
GRADING WITH OCCASIONAL ZONES 85,08
OF SILT AND VERY FINE SAND

GRADING MEDIUM DENSE

GRADING VERY LOOSE

GRADING LOOSE
20—
09%-930

65, Ta/CU

GRADING GRAYISH BROWN N
COLOR AND MEDIUM DENSE

: 28— el TTITY GRAYISH BROWN CLAYEY SILY SOFT 25
J . M ML SLIMES
SM-| GRAYISH BROWN VERY FINE BAND WITH
4 ML TRACE SIL.T AND OCCASIONAL SEAMS
rr OF CLAYEY SILT VERY LOOSE
i 3 TAILINGS GRADING LOOSE
a - 30— —— . » 30
| -
' ¢ 8 GRAYISH-BROWN CLAYEY SILT — SOFT - 282-898 15
Y SLIMES ¥ gs, o
NP GRAYIGH BROWN SILTY FINE SAND WITH
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LOOs! 1L ING:
& bt GRADING LIGHT BROWN IN COLOR
¥ B i
GRADING WITH OCCASIONAL SEAMS
OF CLAYEY SILY
-
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- LIGHT GRAY CLAYEY SILT - VERY STIFF 80— I LODSE (TAILINGS
e SLIMES
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(\\\ ' N
N o |
is £ IH | 58
L é ses-95m 2 ||| ] GRAY CLAYEY SILT WITH OCCASIONAL
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an i
.i i‘, |i¥ REDDISH- BROWN SILYY FINE SAND
AN 60~ i s LOOSE
wt 399798 :“ 32%-19m 18
‘i‘ g ™/ |1‘I 63,08
- ; Hill REODISH -BROWN FINE TO COARSE SAND
tN el il [ GNADING GRAY IN COLOR AND HARD WITH OCCASIONAL FINE GRAVEL - DENSE]
G somsiioni Ii 08— GRADING WITH LAYERS OF FINE
. » GRAVEL WITH SOME FINE TO
free REDOISH BROWN FINE SAND WITH TRACE COARSE SAND
SILT - GENSE BORING COMPLETED 12 - | - 12
GRADING WITH OCCASIONAL ZONES NCTE
OF COARSE SANG AND FINE GRAVEL CABING USED TO 3.0 FREY
[
BORING COMPLETED ' 30 72
NOTES
P ZOMETER INSTALLED TO A DEPTH OF 20 FEET
PO e CABING USED TO S FEET
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BORING 5 BORING 6

ELEVATION 3992 2 FEET

[ 4 R —

ELEVATION 403/ 8 FEET

u:go 3 mm Yo. %ﬂol‘vrslé IN A MATRIX ° RN
ILT Y FINE TO COARSE SAND  MEDIUM T COAR
\‘ DENSE (FiLL \ :::L”‘;'n:o SE SAND - MEDIUM
8 1 LIGHT BROWN SILTY FINE SAND - LOOSE "LIGHT BROWN SILTY FINE SAND - LOOGE
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L
. s | GRADING WITH QCCASIONAL [UNES GRADING WITH OCCASIONAL ZONES
| OF FINE SAND WITH TRACE $ILY OF FINE BAND WITH TRACE SILT
|
L ———
0.9 m 15 M } ,
43,08 GRADING GRAYISH BROWN IN COLOR GRADING GRAYISH-BROWN IN COLOR
19—
>
w
4 GRADING WITH OCCASIONAL THIN
20 —— —ee. LAYERS OF SILT WITH SOME FINE
N SAND
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LOOSE OF SILT WITH SOME ¥ INE SAND
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N Tt k
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3 by
9 i a -
J ¢
£8 =
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a
§
ie £
T ey ] B
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§  OCCASIONAL SEAMS OF CLAYEY SILT
~==Yx LOOSE
WATER LEVEL 12 -7 - 712 GRAY SILTY FINE SAND WITH SEAMS OF
L —— GMM §° LAYER OF GRAVEL CLAYEY SILT - LOOBE (TAILINGS)
o GRAYISH- BROWN FINE TO COARSE GRAVEL
| INA MATRIX OF SILTY FINE SAND DENSE
TEST PIT COMPLETED 12 -5 - 72
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PIEZOME TER INSTALLED TO A DEPTH OF 40 FEET GRAYISH-BROWN SILTY FINE SAND
T N —— -
CASING USED TO 3 0 FEET MEDIUM DENSE (TAILINGS
GRADING WITH ZONES OF SILTY
FINE SAND
GRAY CLAYEY SILY -~ STIFF (SLIMES)
| f REDDISH-BROWN SILTY FINE SAND WITH
{ | TRACE COARSE SAND AND FINE
iRl GRAVEL - DENSE (PARTIALLY
| N BORING 7 CEMENTED)
¥ 12* LAYER OF GRAVEL
Ey i ELEVAT 4029.2 FEET GRADING TO FINE TO COARSE SAND
| &3 o it WITH TRACE SILT
il 1 ML | REDDISH-BROWN SILT WITH SOME FINE
{ | TANS = Liat e BORING COMPLETED 12 - 4 - 12
¥ GRADING WITH ZONES OF FINE SAND NOTES
?4:; LI WITH SOME SILT PIE ZOMETER INSTALLED TO 51 FEET
’ s e — CASING USED TO 3 ¢ FEET
&3 NIl SM| REDOISH-BROWN SILTY FINE SAND
31:! 8 N1 | LOOSE (FILL
& | g
i 10 = e
Qv SM] LIGHT BROWN SILTY FINE SAND WITH
OCCASIONAL THIN SEAMS OF SILT
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-
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SM| REDOISH-BROWN SILTY FINE SAND
{34 LOOSE
8
MHE - - -f WATER LEVEL 20 %
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L
.
.
"
"
30— B0
BORING COMPLETED 12 § - 12
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PIE ZOMETER INSTALLED TO 50 FEET
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BORING 8

ELEVATION 3967 3 FEET

REDDISH BROWN SILTY FINE SAND
LOOSE
GRADES MEDIUM DENSE

GRAVELLY LAYER 6" THICK

- GRADES WITH OCCASIONAL FINE
\ TO COARSE GRAVEL

WATER LEVEL 4 5 4

REQDISH-BROWN FINE YO COARSE SAND
AND GRAVEL WITH SOME SILT
MEDIUM DENSE
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BORING 9

ELEVATION 3962 % FEET

BORING 10

LOG

REDODISH BROWN CLAYEY SILT WITH e
TRACE FINE SAND MEDIUM BYIFF
&
GRADES BROWN 8- -————e
BROWN FINE TO COARSE SAND AND ]
GRAVEL WITH TRACE SILTY W6i1%-98 09
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* - s ul
.
s E
i 8
o
S BORING COMPLETED 4 - 4 -4 = B
PIEZOMETER INSTALLED TO 23 FEET

9% 1098 B¢

OF BORINGS

ELEVATION 4004 2 FEET

LIGHT GRAYISH -BROWN VERY SILTY
FINE SAND LOOSE (TAILINGS
DIKE

GRADES WITH OCCASIONAL
LAYERS F CINE SANDY SILT

BROWN FINE SAND WITH SOME SILT
MEDIUM DENSE (TAILINGS
STARTER DIKE

REDODISH BROWN SILTY FINE SAND
MEDIUM DENSE

BORING COMPLETED 4 % "
PIEZOMETER INSTALLED TC 4) FEET

PLATE A-3M




BORING i

' a ELEVATION 40300 FEET
"y M| LiGHT GRAYISH-BROWN SILTY FINE

SAND WITH OCC SIONAL THIN LAYERS
ITHICK OF CLAYEY SILY
LOOSE TO MEDIUM DENSE | TAILINGS

REDDISH-BROWN SILTY FINE SAND
DENSE

I8 8% 00@ 3

- 20 ——p———qll =
W
1 w GRADES VERY SILTY z
i “ e
|
v £ =i z
T
i1’ z x
{ a &
{ 8 W

W~ % WATER LEVEL 4 - 18 -
|

o
{\‘ g 30—
85

P WTTCTY W T
24 4% -969 22
ns

40—

BORING COMPLETED 4 17 4

LOG OF BORING
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"

ane v8 4 was

~ FEEY

DEPTH

BORING 12

B emnivadn

24 9% - 90
> Y =
10— e

18.9%- 97
os ® 1

' —

ELEVATION 4030 1 FEEY

LIGHT BROWN SILTY FINE SAND WITH
OICASIONAL CORRSE SAND AND FINE
GRAVEL LOOSE TO MEDIUM
DENSE TANINGS )

GRADES WITH THIN LAYERS OF
CLAYEY SILT 1* 3 THICK
COARSE SAND AND FINE GRAVEL
GRADE OuT

GRADES LOOSE

LIGHT BROWN VERY SILYY FINE SAND
WITH SOME CLAY VERY LOOSE
TAILINGS

GRADES BROWNISH GRAY AND
LOOSE

BROWMISH-GRAY FINE SANOY SILT WITH
SOME CLAY LOOSE (TAILINGS

BROWNISH GRAY CLAYEY SILT WITH
SOME FINE SAND LOOSE (YAILINGS

REDDISH -BROWN SILTY FINE SAND
MEDIUM DENSE TO DENSE

WATER LEVEL 4 - 28 "
BORING COMPLETED 4 .- N
PIEZOMETER INSTALLED TO 50 FEET

LOG OF

BORING

I3

ELEVATION 40324 FEET

I —

10——B 30 4}

18 1%-930 3
X

20

FEEY

L]

DEPTH

0 —

L]

70

78

BORINGS

BROWNISH-GRAY SILTY FINE SAND WITH
OCCASIONAL THIN LAYERS OF CLAYEY
SILT MEDIUM DENSE (TAILINGS

GRADES VERY SILTY

WATER LEVEL 4 - 25 - M

NEDOISH - BROWN SILTY FINE SAND
WITH SOME SILT AND OGCASIONAL
FINE GRAVEL -~ MEDIUM DENSE TO
DENSE

BORING COMPLETED 4 ~ 18 -~ M
PIEZOMETER INSTALLED TO " FEEY
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ool e mave

FEEY

N

DEPTH

BORING

14 BORING

15

ELEVATION 3997 iFgg?

ELEVATION 4070 3 FEET
REDOISH BROWN SILTY FINE SAND WITH R B SM
OCCASIONAL FINE GRAVEL LOOSE
TO MEDIUM DENSE } H
|
® w0 ml‘
8 ———————J
il
B3%- 178 62
10 g !
.
a%-1279 69
REDDISH- BROWN FINE TO COARSE SAND MR s
WITH SOME SILT AND FINE GRAVEL
MEDIUM DENS £

-

-

NEDOISH-ONOWN FINE TO COARSE SAND o

AND GRAVEL WITH OCCASIONAL

CODULES AND LOULDIT'S JENSE

LAYTT “F FINE “40D |1 THICH &

T

REDOISH-BROWN SILTY FINE SAND WiTH -

OCCASIONAL GRAVEL MEDIUM oy

DENSE 8

MOODERATE CAVING OF MOLE

GRADES TO SILTY FINE TO
MEDIUM SAND WITH OCCASIONAL
GRAVEL

'WATER LEVEL 4 - 25 - %4

BORING COMFLETED 4 22 4
PIEZOMETER INSTALLED TO 68 FEET

LOG OF BORINGS

REDDISH -BROWN SILTY FINE SAND
LOOSE

REDOISH BROWN FINE 10 COARSE SAND
WITH SOME SILT AND OCCASIONAL
GRAVEL DENSE

REDDISH - BROWN SiLTY FINE SAND
MEDIUM DENSE

REDDISH-BROWN FINE TO COARSE SAHD
WITH SOME SILT AND OCCASIONAL
GRAVEL MEGIUM DENSE

ALTERNATING LAYERS (I' TO 2' THICK
OF REDODISH-BROWN FINE TO COARSE
SAND WITH SOME SILT ANO REDDISH-
m: SILTY FINE SAND MEDRUM

WATER LEVEL 4 -n

BORING COMPLETED 4 - 22 4
PIEZOMETER INSTALLED TO 48 FEEY
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ELEVATION $60 ELEVATION 4000
REOCISH BROWN SANDY SILT WITH COBRLES REDDIBH-BAOWN BILTY FINE 7O COARSE
AND OCCASIONAL BOULDERS  FiLlL SAND FILL
SEEPING WATER BELOW BOUL DER
GRAY COLORATION
MOTTLED REDDISH BROWN AND GRA
SILTY FINE SAND TAILINGS MIXED yiTw
WITH RED SAND a
4
-
CRADES WiThH MORE SiLT =
2 GRAY FINE SAND WiTH SOME SILT AND
SILY WITH SOME FINE SAND (SAND
x AND SLIME TAILINGS MIXTURE)
s SATURATED
TEST PIT COMPLETED AT 5. 0' ON 8577 s
GROUND WATER WAS NOT ENCOUNTERED
B oisiscemiinsmnassits
TEST PIT COMPLETED AT 8.0 ON 8-5-77
GROUND WATE WAS NOT ENCOUNTERED
ELEVATION 4000
REDOISH-BROWN SILT, GRAVEL ANC SAND
Fili
L. EPING WATER
GRAY SILTY FINE SAND - (SAND TAILINGS
AND SLIMES
TEST PIT COMPLETED AT 6.0" ON 8577
GROUND WATER WAS NOT ENCOUNTERED
MOTES KE:
M DISCUSSION IN THE TEXT UNME THE SECTION TITLED
*SITE CONDITIONS SUBSURFAGE ", |15 NECESSARY TO A A DEPTH AT *“Y'C" BULK SAMPLE
PROPER UNDERSTANDING OF THE nnua: OF THE WAS EXTRACTED
SUBSURFACE MATERIALS
ELEVATIONS OF BORINGS ARE BASEDON U S G. 8. DATUM TYPE OF TEST PERFORMED ON
PLANT ELEVATION 300 0 CORRESPONDS TO 4028, 2 MSL SAMELE
G.S GRAIN SILE ANALYSIS
0.5 DIRECT SHEAR TEST
cOMP COMPACTION TEST
CONSOL CONSOLIDATION TEST
BAMES 6B MOOME
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TEST PIT P-| TEST PIT P-2

‘ EREENT: | SN S ELEVATION 4007 MSL
R | |l SM ’

REDDISH BROWN SILTY FINE SAND WiTH REDDISH -~ BROWN SILTY FINE SAND
SOME GRAVEL LOOSBE LOOSE

GRAY SILTY FINE TO COARSE SAND AND
GRAVEL  LDOSE
GRADES WITH OCCASIONAL GRAVELLY]
REDDISH  BROWN SILTY FINE SAND LAYERS
LOOSE
-
n
& ¥
-
. =
F 4
z £
§ &
GRADES WITH SOME MEDIUM SAND
TESTPIT COMPLETEDAT 9.0 ON 105 7%
TESTPITCOMPLETED AT § 5" OM 105 2% PIT WALLS SLOUGHED
[ S —— PIT WALLS CAVED BELOW 5 ) Q T ———
EER
a4
TEST PIT P-3
¢
Taad

FLEVATION 4020 MSL

REDDISH - BROWN FINE sm_;;._m SOME TEST p'T P - 4
SILT AND GRAVEL AND OCCASIONAL
COBBLES  LOOSE

ELEVATION 4010 MSL

U HSP- | REDOISH - BROWN FINE SAND AND
: P GRAVEL WITH TRACE SILT, OCCASIONAL
COBBLES - LOOSE

2.z
DEPTH N FEET
DEPTH N FEEY

TESTPITCOMPLETEDAT 2. 5° ON 10-5-76
SIDES STOOD VERTICAL

TESY PITCOMPLETEDAY 8.5' ON 05 ™
SIDES STOOD VERTICA|

LOG OF TEST PITS

PLATE A -4B




iN FEEY

DEPTH

oAtk

DEPTH IN FEET

dave X 2B~

S

b %

TEST PIT P-5 TEST PIT P-6

ELEVATION a ' MSL FLEVATION 4033 MSL
P
LR[S ’
“ '. SM- REDDISH - BROWN SILTY FINE 3AND AND i : SP REDDISH - BROWN FINE SAND WITH SOME
+ W IGM GRAVEL  LOOSE ;,".,' SILT, COARSE BAND, AND GRAVEL
e e LOOSE
\ i
! et L
v b 5|
S | M "
LBl
J T
hW:
i g GRADES WITH THIN GRAVEL LAYERS
REDDISH - BROWN SILTY FINE TO e Ml Y 4
MEDIUM SAND WITH TRACE GRAVEL - ]t|
LOOSE ‘; s Lm“'
|
z v
E BEL M REDDISH -~ BROWN SILTY FINE SAND
“ = T 7“"* ‘HA‘ LOOSE
k2 mi
Lt
»
| ‘;
-LA."
.- - we
V"‘ SM-| REDDISH - BROWN SILTY FINE SAND AND
v E‘J GM GRAVEL - LOOSE TO MEDIUM DENSE
TEST PIT COMPLETED AT §.0' ON 10 576 b &y
SIDES STOOD VERTICAL = TEST PIT COMPLETED AT 6. 5° ON 1052
S ey SOME CAVING OF WALLS NOTED

TEST PIT P-7

ELEVATION 4033 ms|

¥ T = -4 g 25 P A
0‘ » SM REDDISH -~ BROWN SILTY FINE TO MEDIUM
.
. SAND AND PLATY GRAVEL
'4‘q GM EANDSTONE FRAGMENTS ) LOOSE TEST pIT P"' 8
- FLEVATION 4088 MSL
n” | TR =T e
N ’
» »’ b 4RISM REDDISH ~ BROWN SILTY FINE SAND WITH
i SOME GRAVEL ~ LOOSE
Rilk
fw
Ths GRADES CEMENTED FROM 2 TO 3.8
'
|
«
Wi &
). w —
L1 “ | REDCISH - BROWN S LT¢ FINE SAND AND
L z M GRAVEL - LOOSE
LS M
=
&t &
3 . [
F-£ 8
.
= 'L
s
— TESTAITCOMPLETED AT 5.5 ON 10 5 7%
SIOFS STOO0 VERTICAL
] TEST It COMPLETED AT 8.0 ON 10-5- 7%

SIDES STOOD VERTICAL

TEST PIT P-9

ittty BAYR ks

CHECKED B

~e
..A“h
o

DEPYH ™ FEEY

o
|
|
==
]
é
B e

e bR

ELEVATION A0dd MsL
e SR R T e LT
)"
W KTUSM | repoIsH - BROWN SILTY FINE SAND
i LOOSE
Y
KBASM-  Rrooiss - BROWN SILTY FRiE SANG AND
wining '!lL oM GRAVEL WITH OCCASIONAL COBBLES
LOOSE

— vw -
P

-
=

i
i
& -
——
~2

GRADES MEDIUM DENSE

D— TEST PIY COMPLETEDAT 6.0 ON 105 2%
SIDES STOOD VERTICAL

LOG OF TEST PITS

m
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c A Mg s
oare - o=
saTe

Ll
CHETHED Y

!

£
-

FEET

=~

CEPTH

N FEET

DEPTH

™~ FEETY

CEPTH

1 =

7 J——

TEST PIT |

ELEVATION 39620 FEET

N it LIGHT BROWN FINE SAND WiTH TRACE COARSE
| SAND. FINE GRAVEL AND SILT - LODSE
™ SM | REDDISH BROWN SILTY FINE SAND - LDOSE
. - GRADING WITH TRACE MEDIUM SAND
-
e ¥ waTER LEVEL 12 7. 72
e TEST PIT COMPLETED 12 &
NOTE

PEIOMETER INSTALLED TO 10 0 FEET

TEST PIT 3

ELEVATION 3962 5 FEET

e — "
. " SM| REODISH BROWN SILTY FINE SAND
" LOOSE
t GRADING WITH SOME SILT
Ll " MEDIUM DENSE AND PARTIALLY
CEMENTED
i ML | GRAYISH-BROWN SILT WiTH SOME FINE
" SAND ANO TRACE CLAY — LOOSE
i
~=¥ wavem (eveL i1-7-m
v GRADING TO A CLAYEY SILT WITH
SOME FINE SAND
hii__
TEST PIT COMPLETED 12- 6 - 12
—— - NOTE

PIEZOME TER INSTALLED TO 12 S FEET

TEST PIT §
_ELEVATION 3933 6 FEET

REDDISH- BROWN FINE SAND WITH SOME
. SILT - LOOSE
L ] GRADING TO FINE TC MEDIUM SAND
. REDOISH BROWN CLAYEY SILT WITH SOME
FINE SAND LOOSE
REDOISH BROWN FINE SAND WITH SOME
- SLY - LOOSE

WATER LEVEL 12 - N

TEST PIT COMPLETED 12 7 - M2

NOTE
PIEZOMETEPR INSTALLED YO 10 0 FEET

FEET

DEPTH

N  FEEY

DEPTH

N FEEY

DEPTH

TEST PIT 2

L . AND REDOISH N
CLAYEY SILT WITH GCCAS IONAL THIN
SEAMS OF SILTY CLAY - MEDIUM STIFF
GRADING WITH TRACE FINE SAND
L] AND OCCASIONAL SEAMS OF
N FINE SAND
s 0 REDDISH BROWN SILT WITH FINE SAND
LOOBE
WATER LEVEL 12 ? ”
® REDOISH-BROWN SILTY FINE SAND
LOOSE
M essinsesinost
TEST BT COMPLETED 12~ 6 - 72
NOTE
PIE ZOME TER INSTALLED Y0 10 § FEET
N

TEST PIT 4

FINE SAND L

LIGHT REDDISH- BROWN SILTY FINE SAND
LOCSE

GRADING WITH OCCASIONAL 2* L
LAYERS OF CLAYEY SILY AND
SILTY GRAVEL

WATER LEVEL 12-17- 7

i TEST PIT COMPLETED 12 1< 12
NOTE

PIE ZOME TER INSTALLED TO 10 0 FEETY

TEST PIT 6
ELEVATION 39782 FEET

REDOISH BROWN SILTY FINE SAND
LOOSE

GRADING WITH QCCASIONAL
COARSE GRAVEL
BROWN FINE TO COARSE SAMD AND
GRAVEL WITH OCCASIONAL COBBLES
MEDIUM DENSE

BROWN FINE SAND WITH TRACE FINE TO
COARSE GRAVEL . SILT AND
COBBLES - MEDIUM DENSE

TEST PIT COMPLETED 12~ 7- 72

NOTES
PIEZOMETER INSTALLED TO '4 0 FEET
GROUND WATER WAS NOT ENCOUNTERED IN THIS
TEST PIT

LOG OF TEST PITS
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/ STEEL COVER PLATE
»~ SURFACE
. 8-INCH STEEL CASING ‘ CAP
FOR PROTECTION - e
'
)
<
o SILTY SAND TAILINGS
g DRILL CUTTINGS
@
S >
& §
3/4"1.0. PVC RISER PIPE
W
m PELLETIZED BENTONITE SEAL
o FE
0 ‘#—
X
\ = SILTY SAND TAILINGS
X w DRILL CUTTINGS
["s ]
o ~
0
(\.\ -
N o PELLETIZED BENTONITE SEAL
3 g F
| Y Z
Q s
; ‘i_—— ’/‘ )
" % noas P ~ WELL -GRADED SAND BACKFILL
OPEN-TUBE "CASAGRANDE" PIEZOMETER
h ; w“
N RN 43/4 DRILL HOLE (MANUFACTURED BY GEO-TES TING, INC.)
NB [DIMENSIONS: LENGTH - 20 INCHES
NN DIAME TER - 1.5 IN., POROUS PLASTIC
af ) WITH PORE DIA. OF 50 TO 100
¥ MICRONS]
ay
)
W ®
o
W
N ox
(& ]
4
® 5
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>
W
s DAMES &8 MOON S
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DATE

sy

I SLgS
CHECKED

By

..Vl.m‘) .

IT HAS BEEN ESTABLISHED THAT
WHEN COMPACTING EFFORT IS HELD
CONSTANT, THE DENSITY OF A
ROLLED FARTH FILL INCREASES
VYITH ADDED MOISTURE UNTIL A
MAXIMUM DRY DENSI. ¥ 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,
(WO COMMONLY ULED METHODS ARE
DESCRIBED IN THE FOLLOWING
PARAGRAPHS.,

FOR THE '"'STANDARD A.A.S.H.0."
(AS.T.M, DG98-S8T & A.A.5.H.0.

T99-57) METHOD OF COMPACTION A 4
PORTION OF THE SOIL SAMPLE llJ

PASSING THE NO. 4 SIEVE IS COM-
PACTED AT A SPECIFIC MOISTURE
CONTENT IN THREE EQUAL LAYERS
IN A STANDARD COMPACTION CY-
LINDER HAVING A VOLUME OF 1/30
CUBIC FOOT, USING TWENTY-FIVE

SOME APPARATUS FOR PERFORMIKG COMPACTION TESTS

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

12-INCH BLOWS OF A STANDARD 5-1/2 foot cylinder with removable collar and base plate,
FPOUND RAMMER TO COMPACT EACH and 10 pound rammer w ihin sleeve.
LAYER.

IN THE “"MODIFIED A.A.5.H.0."” (A.S.T.M. D-1557-58T & A.A.5.H.O. T 180-57) METHOD OF COMPACTION
A PORTION OF THE SOIL SAMPLE PASSING THE NO. 4 SIEVE 1S COMPACTED AT A SPECIFIC MOISTURT
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 j0-POUND RAMMER TO COMPACT EACH
LAYER. SEVERAL VARIATIONS OF THESE COMPACTION TESTING METHODS ARE OFTEN USED AND
THESE ARE DESCRIBED IN A.A.5.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 0SS OF VEIGCHT 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 SI'CH COMPACTIONS IS PERFORMED AT IN-
CREASING MOISTURE CONTENTS UNTIL A SUFFICIENT NUMBER OF POINTS DEFINING THE MOISTUFE-
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 COVIPACTION
TESTS (STAVOARD AND MODIFIED
AAS5HOC. METHODS)
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e
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SAMPILE NO. P — 1

DL . H 3'—5'
SOIL SM (NATURAL SO!L ) N

OPTIMUM MOISTURE CONTENT_

MAXIMUM DRY DENSITY
METHOD OF COMPACTION

~ 10.2 PERCENT
111 LBS. PER CUBIC FOOT
_AASHTO T-99

MOISTURE CONTENT IN % OF DRY WEIGHT

C

0 s 10 '8 20 25
as [r }
| 1
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DIRECT SHEAR TrSTS ARE P} RFORMED TO DETERMINE
THE SHEARING STRENGTHS 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 ONE 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,

DIRECT 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, IS APPLIED NORMAL 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

TO THE AXIS OF THE SAMPLE. TRANSVERSE MOVEMENT OF THE OUTER RINGS 1S PREVENTED.

THE SHEARING FAILURE MAY BE ACCOMPLISHED BY APPLYING TO THE CENTER RING EITHER A
CONSTANT RATE OF LOAD, A CONSTANT RATE OF DI FLECTION, OR INCREMENTS OF LOAD OR DE-
FLECTION, IN EACH CASE, THE SHEARING LOAD AND THE DEFLEC TIONS 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

l.\'l'Rl‘l R TO DETERMINE THE FRICTIONAL RESISTANCE BETWEEN SOIL AND 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 AND FRICTION TESTS

PLATE A —9




CONSOLIDATION TESTS ARE PERFORMED TO EVALUATE THE VOLUME CHANGES OF SOILS SUB)JECTED

TO INCREASED LOADS. TIME-CONSOLIDATION AND PRESSURE-CONSOLIDATION CURVES MAY BE PLOT-

TED FROM THE DATA OBTAINED IN THE TESTS. ENGINEERING ANALYSES BASED ON THESE CURVES
:l PERMIT ESTIMATES TO BE MADE OF THE PROBABLE MAGNITUDE AND RATE OF SETTLEMENT OF THE
-
- FESTED SOILS UNDER APPLIED LOADS.
g
2
é -, EACH SAMPLE 1S TESTED WITHIN BRASS RINGS TWO AND ONE-
-4}

HALF INCHES IN DIAMETER AND ONE INCH IN LENGTH. UNDIS-

FTURBED SAMPLES OF IN-PLACE SOILS ARE TESTED IN RINGS

TAKEN FROM THE SAMPLING DEVICE IN WHICH THE SAMPLES

e Ao

~
\\ WERE OBTAINED. LOOSE SAMPLES OF SOILS TO BE USED IN
N CONSTRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO
¥
PREDETE RMINED CONDITIONS AND TESTED.

IN TESTING, THE SAMPLE IS RIGIDLY CONFINED LATERALLY

DEAD LOAD-PNEUMATIC
CONSOL | DOMETER

BY THE BRASS RING. AXIAL LOADS ARE TRANSMITTED TO THE

ENDS OF THE SAMPLE BY POROUS DISKS. THE DISKS ALLOW

FILE

DRAINAGE OF THE LOADED SAMPLE, THE AXIAL COMPRESSION OR EXPANSION OF THE SAMPLE IS

MEASURED BY A MICROMETER DIAL INDICATOR AT APPROPRIATE TIMI INTERVALS AFTER EACH

LOAD INCREMENT IS APPLIED. EACH LOAD IS ORDINARILY TWICE THE PRECEDING LOAD. THE IN-

CREMENTS ARE SELECTED TO OBTAIN CONSOLIDATION DATA REPRESENTING THE FIELD LOADING

CONDITIONS FOR WHICH THE TEST IS BEING PERFORMED. EACH LOAD INCREMENT IS ALLOWED TO

ACT OVER AN INTERVAL OF TIME DEPENDENT ON THE TYPE AND EXTENT OF THE SOIL IN THE

FIEi.D,

CHErKED BY

.}é'/

METHOD OF PERFORMING
CONSOLIDATION TESTS
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APPENDIX B

EVALUATION OF ENGINEERING PROPERTIES

GENERAL

The materials that comprise the tailings pond-embankment
system may generally be classified into four types according
to their origin and textural differences; they are: (1) sand
tailings, (2) slime tailings, (3) natural red sandy soils, and
(4) recompacted fill soils. The engineering properties of each
of the four types are pertinent to the evaluation of the
stability of the tailings pound-embankment system. The properties
were determine® by the performance of various laboratory tests
that included moisture-density determinations, Atterberg limits
tests, grain-size analyses, a relative density test, permeability
tests, compaction tests, direct shear tests, triaxial compression
tests, and consolidation tests. The procedures used for perform-
ing these tests and their results are described in Appendix A.
The following subsections present the design parameters for
each soil type that were derived from the results of these
laboratory tests. Emphasis of the presentation will be placed on
the determination of design shear strength parameters as they
apply to performing stability analysis under end-of-construction,
steady state seepage, and pseudo static (seismic) loading
conditions. The selected design shear strength parameters
are summarized in Table B-1l.

DA 2 B NOORE



TABLE B-1
SUMMARY OF DESIGN PARAMETERS FOR EMBANKMENT MATERIALS 5/
Sand Slime Natural Red Compacted
Design Parameter Tailings (SM) Tailings (ML) Sandy Soils (SM-SP) Fill (SM-SP)
Total Unit Weight, pcf 120 120 125 120
{(Consolidated)
100
{Lightly Consolidated)
Drained Shear ¢ = 37° $ = 31° ¢ = 36° ¢ = 32.5°
Strength Parameters: c=20 c=0 c=20 c=10
Undrained Shear ¢ = 37° (Su/oc)éj = tan a = .38 ¢ = 36° $ = 32.5°
Strength Parameters: c=20 c=20 c=20
(Main Embankment:
Sections A-A & E-E)
Undrained Shecr ¢ = 37° Directly Under Pond Area ¢ = 36o $ = 32.5°
Strength Parameters: c=0 b/ _ _ c=0 c=0
(Western Embankment : (Suloc) the = .38
Section C-C)

Directly Under Embankment Area
¢$=0
c = 1,300 psf

&/ Values of the shear strength parameter are conservatively chosen or assumed based
on results of laboratory tests as shown on Plates 5 through 8.

b/ The undrained shear strength varies directly with the effective overburden
(see explanation on page B-5).



SAND TAILINGS

GENERAL SOIL PROPERTIES

Sand tailings are generally found in the beach area between
the crest of the embankment and the nearest point of ponded
water. The sand tailings are generally silty fine sands that are
loose to medium dense, and often containing thin seams or lenses
of clayey silt (slimes) materials. The sands are relatively
well-drained with permeabilities ranging from 4 x 10 =5 to
4 x 10'3 centimeters per second (40 to 4,000 feet per year)
based on laboratory percolation tests performed on relatively
undisturbed samples obtained during the field exploration pro-
grarm, The average in-place dry density as determined from the
relatively undisturbed samples was 96.8 pounds per cubic foot

with an average field moisture content of 20.1 percent.

DRAINED STRENCTH

To evaluate steady-state seepage and end-of-construc-
tion conditions in the sand tailings, when the pore water
pressures in the well-drained sands are known, the effective
stress parameters of ¢ = 37° and ¢ = 0, as developed in
the consolidated-undrained and consolidated-drained triaxial
tests and drained direct shear tests, were used (Plates B-1B
and B-1C).

UNDRAINED STRENGTH

The undrained strength properties of the sand tailings
used to evaluate the seismic loading conditions would normally be
selected on total stress, undrained strength properties obtained
from consolidated-undrained triaxial test. However, due to the
development of negative pore water pressures during triaxial
shearing, the Mohr circle total stress envelope exceeds that of
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the effective stress envelope (Plate B-l1A through B-1C). To be
consecrvative the effective strength parameters of ¢ =37° and
¢ = 0 were used for the end-of-construction and seismic loading
conditions.

SLIME TAILINGS

GENERAL SOIL PROPERTIES

Slimes are the fine fractions of the tailings produced
and are generally clayey silt or sometimes, silty clay. Slimes
tailings are normally deposited in the center of the tailings
pond where standing water exists; however, they are also often
encountered as thin seams or lenses in the sand tailings due to
temporary ponding of the discharged tailings that were trapped in
the depressions on the beach area. Depending upon the magnitude
of the consolidation pressure (overburden) that has been imposed
on the slimes deposits, the slimes may exist in a form ranging
from an unconsolidated slurry at the surface to a stiff, highly
consolidated clayey silt at depth. The average in-place dry
density of the consolidated slimes is 84.7 pounds per cubic foot
with an average field moisture content of 37.4 percent. The
slimes materials are relatively impervious with permeability
ranging from 2 x 10 .l to 4 x 10-6 centimeters per second
(0.2 to 4 feet per year). These values are based on percolation
tests performed on relatively undisturbed samples obtained
from slime layers that had been subjected to various consolida~-
tion pressures. Results of the gradation analyses have shown
that the slimes generally contain a minimum of 90 percent by
weight of particles finer than the No. 200 sieve. Th: material
may possess low to high plasticity characteristics.

Due to the nature of the depositirnal process, the slimes
material in the tailings pond is gradually consolidated with
time at a continually increasing magnitude of pressure and,
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therefore, may be termed as a normally consolidated material.
At some surface areas, where the slimes have been undisturbed for
long periods of time, desication (the process of soil drainage
througin surface evaporation) has occurred and therefore such
slimes have become overconsolidated to a degree.

DRAINED STRENGTH

Steady-state seepage conditions were analyzed using the
effective stress parameters obtained from the consolidateda-
undrained triaxial compression tests performed on slime tailings
samples (Plate B-2A). This condition assumes that sufficient time
has ellapsed to dissipate excess pore water pressures due to
construction of additional embankment raises. Effective stress
parameters of ¢ = 31° and ¢ = 0 as developed in the consolidated-
undrained triaxial tests were used.

UNDRAINED STRENGTH

In Sections A-A, C-C and D-D, where hor zontal slimes
tailings layers underlie the embankment from toe to crest, the
u. .ained shear strength (Su) of the soil was used in end-of-
construction and pseudo-static stability analyses. The undrained
shear strength of the slimes is related directly to the original
overburden pressure. By correlating the undrained shear strength
and the initial consolidation pressure of the laboratory consoli-
dated-undrained triaxial compression tests in which the test
specimens were normally consolidated, (that is Su vs.<:c), an
average straight line relationship between the two values was
obtained. This relationship may be equated to the slope of the
line shown on Plate B-2B whose angle with the horizontal (a) is
319 (that is, the relationship su/oc = tana ). The above
values represent the undrained shear for the slimes encountered
in Sections A-A and E-E as well as in Section C-C, where the
slimes layers underlie the tailing pond area only.
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. The undrained shear strength of the slimes material, dir-
ectly underlying the embankment area along the western edge of
the tailings pond (see Section C-C), is represented by uncon-
solideted- undrained shear tests performed on samples obtained
from Boring A-14. Although the shear strength values will vary
with degree of consolidation, a conservative eguivalent cohesive
value of ¢ = 1300 psf. The results of the undrained shear
strength test data is shown below:

TABLE B2

UNCONSOLIDATED~UNDRAINED TRIAXIAL TEST RESULTS
FROM BORING A-14

Moisture Undrained Shear
Depth of Sample Dry Lensity, PSF Content, % Strength, Su, PSF
. 2.0 feet 99.9 21.8 1985
3.5 feet 34.5 26.7 1376
5.0 feet 98.5 26.9 1401
8.5 feet 103.9 23.2 2638

It has been assumed the tailings pond level behind the
embankment rises at a rate sufficiently slow that no excessive
pore pressures will develop from rapid pond build-up.

NATURAL RED SANDY SOILS

.

GENERAL SOIL PROPERTIES

The natural occurring, red sandy soils are generally

the foundation material of the tailings pond-embankment system.

As previously described, these soils are predominantly sand with

varying amounts of silt and gravel. The gradation of the natural

. soils are highly variable and cobbles and boulders are known to
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be sometimes present. In its natural state, some of these soils
appear to be wea“ly cemented, as can be inferred from the results
of laboratory unconsoolidated-undrained triaxial compression
tests. Saturation ¢f the natural materials tende to destroy some
of the cementation. The natural sandy soils may be considered
relatively permeable to water, with permeability ranging from 8 x
10"5 to 2 x 10"3 centimeters per second (80 to 2,000 feet per
year) based on percolation tests performed on relatively undis-
turbed s=mples taken from the exploratory borings. The samples
taken have an average <ry density of 108.8 pounds per cubic foot
with an average in-place moisture of 11.9 percent.

DRAINED STRENGTH

Based on the results of laboratory direct shear tests,as
shown on Plate B-3, the natural red sandy soils have an average
effective, or drained, angle of internal friction, ¢, of 40°.
The test specimens were saturated prior to the tests and the
cohesion value of the material appears to be near zero, indicat-
ing that any natural cementation was destroyed by the saturation
process. For conservatism, values of ¢ = 36° and ¢ = 0 were
used to rupresent the drained shear strength parameters of the
in-situ material, assuming that any natusal cementation in the
foundation material will be completely destroyed as a result of
“he existence of the tailings pond-embankment system. This value
of ¢ may be used as the shear strength parameter of the natural
red rundy soils for analyzing slope stability of the tailings
pond-embankment system under drained (steady state seepage and
end of construction conditions).

UNDRAINED STRENGTH

ror undrained conditions, that is, under earthquake load-
ings, the undrained (total stress) shear strength parameters for
the natural red sands are assumed the same as that of for drained
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conditions. This assumption was used because with the generally
dense state of the in-situ material, small positive, or even
negative pore pressures would occur under earthquake loading
conditions and, hence, the same or higher undrained shear
strength parameter would result.

RECOMPACTED NATURAL RED SANDY SOILS AND SAND TAILINGS

DRAINED STRENGTH

The natural red sandy soils and the sand tailings have been
used and proposed planning indicates they will be continued to be
used to build the starter dikes and the supplemental dikes that
comprise the outer portion of the main tailings pond embankments
as well as the entire section of the recently completed western
embankment. PBased on direct shear tests performed on samples of
the red sandy soils compacted to 90 percent of the maximum dry
density as determined by the American Society of Testing
Materials (ASTM) D-698 Method of compaction, the remolded natural
materials exhibit effective (drained)}. parameters of ¢ = 32.5°
and ¢ = 0 (Plate B-4). Although the western embankment has been
constructed using 95 percent compaction criteria and all future
embankment additions will be constructed to 95 percent com~-
paction, for conservatism the values given above have been
selected to represent the shear strength parameters of recom-
pacted materials used in the slope stability analyses under
steady state seepage and end-of-construction loading conditions.

UNDRAINED STRENGTH

Undrained lcading conditions, such as earthquake within a
saturated zone was not used since almost all the recompacted
materials are above the water table. Thue, shear strength
parameters for the non-earthquake case were used for cases under
psuedo-static seismic loading condition.
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