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Attention: A. J. Fernandez
Senior Mining Engineer

Re: Heap Leach Facility Design
Vulture Mine Project
Near Wickenburg, Arizona

Gentlemen:

Presented herein is our Geotechnical Design Development
Report for the leach pad and related facilities proposed for
the referenced project. This report presents a description
of the major elements of the heap leach facility, and a
discussion of the physical constraints, design criteria, and
engineering analysis utilized in development of the facility
layout and design. A construction cost estimate for develop-
ment of the leach pad, perimeter channel and berms and ponds
is submitted under separate cover.

Should any questions arise concerning this report, please do
not hesitate to contact us.
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1. INTRODUCTION

This report outlines the geotechnical design development
studies and engineering analyses for the proposed heap
leach facilities at the A. F. Budge (Mining) Limited's
(AFBL) Vulture Mine Project located in the Section 36 of
Township 6 North, Range 6 West in Maricopa County,
Arizona. A preliminary site characterization study was
completed by Sergent, Hauskins & Beckwith Geotechnical
Engineers, Inc. (SHB) in February, 1987. The pre-
liminary report includes discussions of the geologic,
hydrogeologic and seismotectonic setting. The reader is
referred to the previous report for complete discussions
of these areas, as this report will only briefly include

specifics of the previous site study.

The objective of this phase of investigation was to
characterize 1in detail the subsurface conditions in the
leach pad and pond areas, and to perform the geotech-
nical and hydrological engineering evaluations to

develop final design criteria for the facility.

2. PROJECT DESCRIPTION

Preliminary details of the project were provided by Mr.
A. J. Fernandez, Senior Mining Engineer of AFBL.

The present plan for the project involves heap leaching

about 225,000 tons of amalgamated tailings £from an
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existing on-site disposal area followed byli00,000 tons
of crushed ore from the Vulture Mine Open Pit. The ore
will be crushed to a final product having a nominal
maximum particle size of about 1/8 inch. Both the
tailings and crushed ore will be agglomerated prior to
placement on the pad. The tailings will be agglomerated
to a nominal 3/8-inch size, compared to an estimated 1/4
to 3/8-inch agglomerated size for the ore. Both ore and
tailings will be 1leached over an approximate project

life of two years.

As presently planned, the leach pad will cover an area
of about 225,000 square feet (5.2 acres), with a total
heap height of about 75 feet. The heap will be con-
structed in five lifts, each of which will be 15 feet in
height. The on-site tailings will be placed in the lower
lifts. Approximately 25,000 square feet of ore or tail-
ings will be under leach at any one time. The solution
application rate will be about 0.004 gallons per minute
per square foot (gpm/sqg. ft.) with a corresponding

design solution flow rate of about 100 gpm.

Discussions of the major design features of the heap
leach facility are presented in Section 4 of this

report.

3. INVESTIGATION
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3.1 Previous Investigation

As presented 1in our previous report, a review of avail-
able data in the form of site plans, aerial photographs,
topographic and geologic maps and trench data provided
by AFBL, as well as published maps and literature, was

performed.

A brief preliminary site reconnaissance and subsequent
geologic reconnaissance were also performed as part of

the preliminary site study.

A prior subsurface investigation consisted of 16 backhoe
test pits excavated along the alignments of potential
diversion channels and in the proposed 1leach area.
Results of this investigation were also presented in our

previous report.

3.2 Subsurface Investigation

A total of ten test borings were advanced in the vicini-
ty of the proposed leach pad facility. The borings were
drilled wusing a CME-55 truck-mounted drill rig advancing
hollow stem auger. Locations of the test borings are
shown on Plate 1, which is located in the map pocket at
the end of this report. Plate 1 also includes the loca-
tions of Test Pits 10 through 16 (TP-10 through TP-16)
completed as part of the preliminary site characteriza-

tion for this project. Standard penetration testing
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and/or thin-wall Shelby tube sampling was performed in
all of the test borings. Surficial bulk samples of both
tailings and native alluvial materials were also

recovered.

Soils encountered were classified using the Unified Soil
Classification System (ASTM D2487), a summary of which
is presented in Appendix A. Appendix A also includes a
brief description of drilling and sampling equipment and
procedures, a summary of terminology used to describe
the relative density, consistency or firmness of soils,
a summary of terminology used for the description of
rock and logs of the test borings. Logs of test pits
TP-10 through TP-16 are included in our previous report.

The field investigation was supervised by Andrew F.

Harvey, staff geologist of this firm.

3.3 Laboratory Analysis

Grain-size analysis, Atterberg limits and moisture con-
tent tests were performed on selected samples to aid in
classification. Four consolidation-collapse tests were
conducted on selected tube samples in order to estimate
the potential for collapse upon saturation of the exist-
ing tailings foundation materials. Two moisture-density
relationship tests (Standard Proctor) were performed on

bulk samples of both tailings and native alluvial
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materials to assess the suitability of these soils for

use as structural fill.

Results of the laboratory investigation are presented in
Appendix B of this report. Results of the moisture con-
tent tests are presented on the boring logs in Appendix
A.

Laboratory remolded permeability and moisture-density
relationship (Standard Proctor) tests on a sample of
material from a potential clay borrow source are
presently in progress. Results of these tests will be

presented in an addendum to this report when completed.
Chemical testing of the existing tailings, in order to
further define the suitability of these materials for

structural f£ill, is also currently in progress.

3.4 Geotechnical Profile - Pad & Pond Areas

Existing tailings fill materials were encountered in all
but two of the borings in the pad and pond areas to
depths of 2 to 19 feet below existing grade. The tail-
ings are generally described as fine grained silty
sands, soft to firm in consistency, nonplastic and light
brown in color. In general, the tailings thickness tends

to increase from southwest to northeast.
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As indicated by the boring logs, the tailings are under-
lain by alluvium generally composed of well graded sand
and gravel with occasional 2zones of silty and clayey
sand and gravel. These soils are typically medium dense
to very dense in consistency, nonplastic and reddish
brown to brown to light brown in color. They extended
to the full depth of investigation in all but three of

the borings.

Bedrock was encountered in three of the borings (Borings
7, 9 and 10) at depths of 14 to 24 feet below existing
grade. The bedrock is described as Precambrian schist,
strongly weathered, moderately soft to moderately hard

and green to brown to reddish brown in color.

No groundwater was encountered in any of the test bor-
ings. Soil moisture contents were generally relatively

low, on the order of 1 to 5 percent.

4, DESIGN FEATURES

A discussion of the major design criteria used in proj-
ect development and a description of the principal
features of the heap leach facility are presented in the
following sections. Geotechnical and hydrological
evaluations performed 1in developing designs for these
features are summarized in Sections 5, 6 and 7. Guide

specifications for subgrade preparation and earthwork
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construction elements are presented in Appendix D. A
plan view of the leach pad and pond layout is shown on

Plate 1, included in the map pocket.

4.1 Mass Grading of Pad, Perimeter

Channels & Pond Areas

All vegetation and debris must be initially cleared and
stripped from the entire area of the 1leach pad,
perimeter channels and ponds within the limits of con-
struction, as shown on Plate 1. Excavation volumes will

closely balance fill volumes for the entire project.

The 1leach pad will be graded at a 1 percent slope from
the toe of the pad to a distance of 75 feet upslope.
This gently sloping corridor is provided to increase the
stability at the toe of the ore pile. The pad will then
be graded at 3.5 percent from the edge of the toe corri-

dor to the upslope edge of the pad.

The solution collection <channel at the toe of the pad
will be graded at 0.5 percent to the pregnant pond inlet
spillway at the southwest end of the pad. This inlet
spillway will be graded at about 3.5 percent to the
crest of the pregnant pond. A detail of the spillway is

shown on Plate 2 in the map pocket.
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4.2 Leach Pile Configuration

Ore placement by conveyor stacking is presently being
considered. The ore will be placed in lifts of about 15
feet in height. Ultimate heap heights of 61 feet on the
upslope end and 75 feet on the downslope end of the pad
are planned. The heaps will be built en echelon one
above the other, with a 5-foot wide bench provided every
15 feet of pile height for reasons of pile stability.

Based on our experience with similar leach facilities
and published data for hard rock waste dumps, it is
estimated that the lifts will slope about 1.73:1 (hori-
zontal to vertical), or about 30 degrees, and 1.43:1 (or
34 degrees) for the tailings and crushed ore, respective-
ly. The average slope of the ore pile, considering the
5-foot bench for each 1lift, will be about 1.89:1. A 10-
foot wide open corridor will be provided between the toe
of the heap and the perimeter of the pad to facilitate
maintenance and to allow for rockfalls and minor slough-
ing of the pile.

A typical cross section of the leach pile configuration

is shown on Plate 2.

4,3 Leach Pad Lining & Related Details

The 1leach pad will be 1lined with 30-mil polyvinyl

chloride (PVC) and 36-mil industrial grade reinforced
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Hypalon. Due to susceptibility to liner degradation and
embrittlement from ultraviolet radiation attack, the PVC
geomembrane will only be used to line the pad area that
will be covered by the ore. The Hypalon liner will be
connected to the PVC 1liner by a transition strip or a
factory made dielectric weld and will cover a l5-foot
wide corridor at the perimeter of the pad. Hypalon
possesses excellent durability and resistance to
physical degradation due to wultraviolet radiation and

thermal oxidation attack.

Compression testing performed by SHB for similar proj-
ects was reviewed 1in evaluating potential geomembrane
liners for the leach pads. This testing included
geomembrane liners of varying thickness and various soil
materials in order to assess the performance of the
liners under service 1loading conditions. A summary of

these investigations is presented in Section 8.

4.4 Perimeter Channel

4,4.1 Channel Geometry

A solution collection channel will be located along
the toe of the leach pad, as shown on Plate 2, Cross
Section A, to transport pregnant solution and storm
water runoff from the leach pad to the ponds. The
channel is bordered on the west side by a 5-foot high

perimeter containment berm to protect against any
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solution discharge from the facility during an extreme
storm event. The solution channel is bordered on the
pad side by a 2-foot high berm that provides a
protective barrier between the heap and the solution
channel. The random f£ill berms will have 2 1/2:1 side

slopes.

The V-shaped pregnant solution channel, as shown in
Cross Section A on Plate 2, will be 2 feet deep with
2.5:1 side slopes. The channel has a discharge
capacity equal to the design operating solution flow
rate of 100 gpm with a 1.8-foot freeboard, and a
discharge capacity in excess of 44,000 gpm with no

freeboard.

The £full <channel geometry created by the safety berm
and perimeter containment berm will have a capacity in
excess of that required to transmit flows equal to the
6-hour probable maximum precipitation (PMP). The
design channel section has an area of 10 square feet.
At the minimum grade of 0.5 percent, only about 6
square feet will be needed to convey flows of 42 cfs
or one-half the 6-hour PMP, which is the design storm
for the facility. Hydrologic and hydraulic analyses
are presented 1in Section 4. Typical channel sections

are shown on Plate 2 in the map pocket.

4
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4.4.2 Channel Lining

The solution channels will be fully lined with 36-mil
Hypalon. The finished grading of the perimeter chan-
nels 1is important in providing a smooth subgrade for
liner placement. It is recommended that the excavated
tailings from the leach pad area be utilized as chan-
nel and berm fill. This will enable a very smooth
finished surface to be constructed beneath the liner,
reducing the potential for liner puncture or surface

abrasion.

4.4.3 Pregnant Pond Inlet Spillway

Pregnant solution will be directed from the channel
down a 3.5 percent spillway to the pregnant pond
inlet. The embankment bordering the spillway varies
in height from about 9 feet at the north end to about
zero feet at the south end (intersection with the

crest of the pond).

4,5 Barren, Pregnant & Storm Water Ponds

4,5.1 Pregnant & Barren Pond Geometry

The volume requirements for the pregnant and barren
ponds were established based on the operating solution
flow of 100 gpm over a 72-hour period, or about

432,000 gallons. The barren pond was sized to store
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this solution volume with 2 feet of freeboard, whereas
the pregnant pond has a total capacity of about
480,000 gallons, with about 48,000 gallons of storm
flow storage. A shallow spillway connecting the preg-
nant and surge ponds is also provided for transfer of

excess storm water.

The barren pond will have dimensions of 105 feet by
105 feet at the «crest, with 3:1 side slopes and a
depth of 12 feet. The pregnant pond will have similar
crest dimensions and side slopes with a depth of 15
feet. Sumps for leakage detection will be provided in
both ponds.

Plan views and details of the pregnant and barren
ponds are presented on Plates 1 and 2 in the map

pocket.

4.5.2 Storm Water (Surge) Pond Geometry

The volume requirement of the storm water pond was
established based on the runoff from one-half the six-
hour PMF (Probable Maximum Flood), as determined by
Hydrometeorological Report No. 49 (U.S. Department of
Commerce, 1977)%*. For comparison of storage require-
ments, total runoff volumes from the 100-year and
500-year, 24-hour floods and the six-hour PMP were
computed. A summary of these analyses are included in
Section 5.

*References are provided at the end of this report.
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Selection of storage criteria is a complex risk
analysis problem, which 1is essentially a matter of
engineering Jjudgment. The final design philosophy was
that of a "zero discharge" facility in which all
runoff would be stored by the system. ‘

The storm water pond dimensions will be 115 feet
square at the «crest, with 3:1 side slopes and a 15-
foot depth. A storage capacity of about 0.6 million
gallons 1is provided. A plan view and details of the
storm water pond are shown on Plates 1 and 2 included
in the map pocket.

4.5.3 Grading & Embankment Construction

The ponds will be primarily below existing grade with
a maximum berm height of about 3 feet on the south
ends. Embankments will be constructed of random fill
from the excavations compacted to at least 95 percent
of maximum dry density as determined by ASTM D698.
The moisture content during compaction should be
maintained within the 1limits of 2 percent below to 3
percent above optimum moisture content as determined
in accordance with ASTM D698. Minimal processing of
the excavation materials will be required to discard

particles larger than 6 inches nominal diameter.
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4.5.4 Pregnant & Barren Pond Lining Systems

A double 1liner system which incorporates a central
geotextile drainage blanket and leakage detection sump
will be wutilized for 1lining the pregnant and barren
solution ponds. The double liner and leakage detec-
tion system will provide a second 1line of defense
should leakage through the primary liner occur. Any
leakage through the primary liner will be transmitted
through the central drainage layer to a lined sump.
Details of each of these features are provided in the
following sections and on Plate 2.

4.5.4.1 Primary & Secondary Geomembranes

The primary geomembrane liner for the pregnant and
barren ponds will be 36-mil Hypalon. A 20-mil PVC
geomembrane will be placed throughout the pregnant
and barren ponds as the secondary pond liner. Both
liners provide good resistance to organic and

inorganic acids and bases, heavy metals and salts.

PVC is not planned for use as the exposed liner due
to 1its susceptibility to degradation and embrittle-
ment from ultraviolet radiation attack. An
extensive case history exists for Hypalon and PVC
installations at mining facilities located in both

hot and cold climate regions.
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4,5,4.2 Drainage Blanket

A 1l6-ounce per square yard, nonwoven geotextile will
be incorporated as the drainage layer between the
primary and secondary liners. Trevira 1155, Mirafi
1160N, or Supac 16NP are acceptable geotextiles.
The geotextile blanket will provide as a drainage
layer to the sump and for any seepage through the
primary liner, and as a separator between the
Hypalon and PVC liners.

4.5.4.3 Leak Detection Sump

The pond floors will be graded at 0.5 percent to a
sand-filled sump for <collection of any solution in
the event of a leakage through the primary geomem-
brane liner. The sump will be lined with 30-mil PVC
and underlined with 20-mil PVC as shown in detail on
Plate 2.

A 4-inch diameter PVC pipe will extend from the sump
to the pond crest to provide access for monitoring
potential leakage and pumping should solution fill
the sump. Details of the leakage detection sump are

shown on Plate 2.

4,5.4.4 Pregnant Pond Splash Pad

A shotcrete splash pad approximately 25 feet wide
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will extend from the pregnant channel inlet to the
floor of the pregnant solution pond as shown in
detail on Plate 2. The splash pad will provide
scour protection at the pond entrance required to
maintain the integrity of the geomembrane lining

system.

4.5.5 Storm Water (Surge) Pond Lining

The storm water pond will be lined with 20-mil PVC.
Due to the wultraviolet sensitivity of the PVC, a 2-
foot thickness of compacted tailings will be placed
over the geomembrane. A 6-inch compacted layer of
tailings will wunderlie the PVC to provide a smooth
subgrade surface.

Minor erosion of the compacted tailings overliner in
the surge pond is anticipated during rainfall events.
Periodic maintenance of the tailings overliner by mine
personnel will be required to ensure that the PVC
liner 1is not exposed. Due to the estimated short-term
project life, the maintenance required should be

minimal.

Compaction requirements for placement of the tailings
are provided in Sections 3.2 and 3.3 of the Guide

Specifications.
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The surge pond side slope will be lined with 36-mil
Hypalon at the spillway entrance from the pregnant
pond. The geomembrane will provide additional erosion

control should solution enter the surge pond.

5. HYDROLOGIC & HYDRAULIC ANALYSES

5.1 Diversion of Watershed Runoff

Hydrologic analyses for storm runoff from the con-
tributing watershed were summarized in detail in our
Preliminary Site Characterization Report and, therefore,
will not be discussed herein. Diversion of runoff from
the watershed will be provided by a trapezoidal channel,
located as shown on Plate 1. The diversion channel will
be 10 feet wide at the base with a height of 5 1/2 feet.
Side slopes will be 2 1/2:1. The diversion has a dis-
charge capacity of about 875 cfs or approximately the
equivalent of the 100-year, 24-hour storm event for the
4.4 square mile watershed. The channel surface will be

lined with shotcrete for erosion protection.

5.2 Leach Pad, Channel & Ponds

5.2.1 General

Hydrologic calculations presented herein include only

runoff from the 1leach pad area, which was used to

| SERGENT, HAUSKINS & BECKWITH

”
B l CONSULTING GEOTECHNICAL ENGINEERS
4T PHOENIX*TUCSON * ALBUQUERQUE * SANTA FE * SALT LAKE CITY * EL PASC



e

Heap Leach Facility Design Page 19
Vulture Mine Project

Near Wickenburg, Arizona

SHB Job No. E87-11

develop perimeter channel and storm water pond dimen-
sions. Local on-site drainage will be collected and
retained so that no precipitation that falls on the
leach pads will escape the containment system. A
detailed summary of the hydrologic and hydraulic
analyses utilized 1in design of the solution channel
and storm water pond are presented in the following

sections.

Calculation Standards, Methods & Procedures

Peak runoff flow quantities for the ore pile area were
calculated using the U.S. Soil Conservation Service
TR-55 method (McCuen, 1982). The method is based on a
computational procedure that is related to the 24-hour
storm rain depth. Runoff volumes were calculated

based on the total volume of storm rainfall.

For purposes of comparison, rain depth and rainfall
distributions for the 100 and 500-year, 24-hour storms
and the PMP and 1/2 PMP, 6-hour events were calculated
using procedures outlined in The National Weather
Service Hydrometeorological Report No. 49 (U.S. Depart-
ment of Commerce, 1977). Storm volumes and peak flows
for one half of the six-hour PMP event were used in
developing the design capacity of the storm water
pond. Peak runoff volumes and flows for this storm
event are essentially equivalent to those of the inter-

polated 500-year, 24-hour storm. Although storage of
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the full PMP event is not provided, statistically a
"zero discharge" facility is being designed, consider-

ing the estimated operation life of the project.

Rainfall depths for the 100 and 500-year storm events
are based on the Precipitation Frequency Atlas for
Arizona, Volume VIII, (U.S. Department of Commerce,
1973). The velocity method (McCuen, 1982) presented

below was wused for estimating the times of concentra-
tions

HL

tc = 3550 v

where: tc time of concentration, hours

HL

length of watershed subarea (hydraulic
length), miles

Y velocity of storm runoff, fps

Leach pad hydrology calculations are presented in
Appendix C.

Hydraulic calculations performed for determining
channel capacities, flow depths and flow velocities
are based on the Manning's Equation (Chow, 1959). A
roughness coefficient of 0.0l was used in analysis of
the Hypalon-lined solution channels. Computer summary
sheets of the channel hydraulic calculations are
included in Appendix C.
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6. STABILITY ANALYSES OF LEACH PILE

Stability analyses were conducted for the leach pile in
which various potential failure modes, including shallow
and deep-seated failure surfaces within the ore pile,
and shallow block failures along the ore-geomembrane
interface were analyzed. A summary of these analyses,
including the major assumptions and factors considered

in the analyses, are discussed in the following sec-
tions.

6.1 Shear Strength of Ore & Tailings

Generally, 1leach ore materials are difficult to test
during design because they are not usually accessible
for sampling and the rocks involved are highly variable
in most ore bodies. Most rock involved in leach piles
for "hard rock" mining of gold, silver, copper, lead,
zinc and other metals fall within the range of materials
which have been tested for rock-fill dam design. A
widely wused approach in dump design is to conservatively
estimate shear strength based on this data (Call, 1981;
Caldwell and others, 1981).

Figure 2 presents a summary of the large amount of
triaxial shear testing done in the past 38 years on
rock=£ill materials as reported in the engineering

literature. This chart, which has been widely
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used in rock dump design, was originally based on a
summary of shear strength data on quarried rock and
coarse gravels by Leps (1970). Figure 2 shows the
relationship between the angle of internal friction (¢)
of broken rock and the normal stress across the shear
plane (vertical confining pressure). The limits of test
data available at the time and the average curve for
rock-fill are given on the chart. Subsequent data on
the shear strength of rock-fill (Marsal, 1974; Donaghe
and Cohen, 19783 Barton and Kjaersli, 1981) are
consistent with Figure 2.

The lower 1limit of tests on seven rock-fill materials
performed by the U.S. Army Corps of Engineers (Donaghe
and Cohen, 1978) is also shown in Figure 2. This lower
limit was defined by weathered, relatively soft gran-
ite. A conservative angle of internal friction equal to
34 degrees was selected for design analysis involving
the crushed leach ore. This conservative value accounts
for a reduction in particle angularity due to agglomera-
tion of the ore, and any variation in rock quality and
durability. The existing amalgamated tails will be
agglomerated to about 3/8 inch. A conservative angle of
internal friction of 30 degrees was assigned to these
materials.

6.2 Possible Accumulation of

Solution in the Leach Pile

Due to the effects of agglomeration, an openwork
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drainage condition 1is anticipated at the base of the
pile. In addition, 3-inch diameter perforated drain
pipes will be provided on the liner surface directly
below the ore pile to enhance lateral drainage. There-
fore, the possible development of a phreatic surface
within the 1leach pile above 1 to 2 feet is considered
remote. Saturated conditions within the ore pile to
this height would not significantly affect pile
stability.

It is our opinion and experience with other leach fa-
cilities that a much greater risk exists due to broken
sprinkler 1lines and ponding of solution near the crest
of the pile. This risk is reduced to a low level if
proper leach pad maintenance is followed. Nonetheless,
allowance 1in design was made for sloughing or shallow
slides of the pile slopes by providing a 10-foot wide
open corridor between the toe of the pile and the solu-
tion channel berm, and by the inclusion of 5-foot wide
benches at the top of each 15-foot 1lift height.

6.3 Stability Analysis Methodology & Results

6.3.1 Shallow Sloughing & Rock Falls

The ore pile will be constructed in 15-foot lifts at
slopes equal to the angle of repose of the agglom-
erated tailings and crushed ore. Shallow wedge-type

and circular failure surfaces possess very low factors
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of safety for cohesionless materials placed in this
manner. Just back of the slope, factors of safety
approach 1.0. Minor sloughing and rock falls from the
slope face are commonly caused by external driving
forces such as wind, rain and ice. Although the
extent of sloughing 1is anticipated to be very minor,
the 10-foot wide corridor at the toe of the pad, the
5-foot pile benches, and the solution containment berm
were, in part, designed to accommodate this
occurrence.

6.3.2 Potential Toe Failures

Potential toe failures along the liner-subgrade inter-
face, as shown in Figure 3, were analyzed by a method
presented by Blight (1981), which covers the case of a
frictional foundation.

An important parameter required for this analysis is
the estimated friction angle along the geomembrane-
ore interface. Large-scale direct shear tests for
various geomembrane cover material interfaces were
performed by SHB as part of a special laboratory
testing program for three previous leach pad designs
(Deatherage, Fahy and Hansen, 1986). Resulting fric-
tion angles varied from 8.5 to 39 degrees for the PVC
liner material tested, which were a function of cover
soil and applied normal stress. Friction angles for
mine tailings placed on PVC ranged from 12 to 13.5
degrees for the lower normal stresses.
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FIGURE 3
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A parametric study showing the relationship between
foundation slopes (i), foundation friction angle
(¢f£), and factor of safety is presented in Figure
4. Considering a shallow wedge-type failure within
the 75-foot wide pad toe corridor, which is designed
at a 1 percent slope, the factor of safety for a
PVC-tailings interface friction angle ( ¢g3) of 12
degrees is about 0.8. To increase the friction angle
at the toe of the pad and, correspondingly, the factor
of safety, a 1l-foot thick layer of sand and gravel
will be placed along a 50-foot wide corridor at the
toe of the pile. The sand and gravel layer will
increase frictional response along the liner surface.
The estimated soil-liner friction angle for these
materials is about 17 to 18 degrees. The resulting
safety factor against shallow block failure is about
s

6.3.3 Generalized Failure Surface Analyses

Shallow and deep-seated failure surfaces within the
ore pile were analyzed using the computer program
STABL (Siegel, 1975a, 1975b). This program considers
a generalized shear surface wutilizing a 1limiting
equilibrium method of slices. Noncircular trial shear
surfaces are generated and analyzed to determine the
critical shear surface. Both static and pseudostatic

analyses are possible with this program.
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In the analysis procedure, parallel side shear forces
are assumed, vertical equilibrium of the individual
slices 1is satisfied, and overall moment equilibrium is
satisfied, but moment equilibrium of the individual
slices 1is not satisfied. The computed factor of safe-
ty 1is conservative relative to more accurate methods

satisfying complete equilibrium.

As shown on Figure 2, for the 1.9:1 (28°) equivalent
slope and internal friction angles of 30° and 34° for
the tailings and crushed ore, respectively, a factor
of safety of 1.2 was determined for shallow failure
surfaces. As previously stated, for ore placed at the
angle of repose the factor of safety approaches 1.0
near the slope face. Deeper seated failure surfaces
have higher factors of safety on the order of 1.4 to
1.5.

6.3.4 Deformation & Settlement

6.3.4.1 Settlement Analysis

Settlement analyses were based on elastic theory
settlement relationships developed by Harr (1966)
for 1loading on a rectangular area. The thickness of
compressible foundation material was estimated to
vary from 13 to 34 feet below the pile. A two-
layer substrata was analyzed. A conservative

equivalent deformation modulus for the two-strata

f EH;I SERGENT, HAUSKINS & BECKWITH
ak:

l CONSULTING GEOTECHNICAL ENGINEERS

477 PHOENIX * TUCSON * ALBUOUEROUE * SANTA FE * SALT LAKE CITY * EL PASO




Heap Leach Facility Design Page 29
Vulture Mine Project

Near Wickenburg, Arizona

SHB Job No. E87-11

profile of 2 ksi was utilized. Equivalent moduli
were determined wusing the relationship developed by
Thenn de Barros (1966). The underlying Precambrian
metamorphic/igneous bedrock complex was assumed
incompressible. The increase 1in stress on the
foundation material was estimated using relation-
ships developed by Osterberg (1957). The estimated
settlement profile is presented in Figure 5. A
maximum elastic settlement of about 4 inches was

estimated.

Consolidation tests performed on relatively undis-
turbed samples of the surficial tailings deposits
indicate collapse potential of between 3 and 6
percent of the stratum thickness upon saturation.
Saturation or even significant moisture increase in
the subgrade tailings is not anticipated provided
proper liner installation techniques are followed.
Should significant solution leakage into the
underlying tailings occur during the project life,
additional settlements of between 5 and 8 inches are
possible in the pad areas underlain by the thickest
deposit of tailings. The PVC liner in the pad area
can withstand elongations of up to 300 percent prior
to break. Liner rupture should not occur even if
differential settlements of 12 inches occur across
the width of the pad.
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TEST DRILLING EQUIPMENT & PROCEDURES

Drilling Equipment Truck-mounted CME-55 drill rigs powered with 4 or 6

cylinder Ford industrial engines are used in advancing test borings. The
4 cylinder and 6 cylinder engines are capable of delivering about 4,350
and 6,500 foot/pounds torque to the drill spindle, respectively. The
spindle is advanced with twin hydraulic rams capable of exerting 12,000
pounds downward force. Drilling through soil or softer rock is performed
with 6 1/2 0.D., 3 1/4 I.D. hollow stem auger or 4 1/2 inch continuous
flight auger. Carbide insert teeth are normally used on the auger bits
so they can often penetrate rock or very strongly cemented soils which
require blasting or very heavy equipment for excavation. Where refusal
is experienced in auger drilling, the holes are sometimes advanced with
tricone gear bits and NX rods using water or air as a drilling £luid.
Where auger and tricone gear bits cannot be used to advance the hole due
to cobbles or caving conditions, the ODEX (overburden drilling with the
eccentric method) is used. A percussion down-the-hole hammer underreams
the hole and 5 inch steel casing is introduced into the hole during drill-
ing. The drill bit is eccentric and can be removed from the center of
the casing to allow sampling of the material below the bit penetration
depth.

Sampling Procedures Dynamically driven tube samples are usually obtained
at selected intervals in the borings by the ASTM D1586 procedure. In
many cases, 2" 0.D., 1 3/8" I.D. samplers are used to obtain the standard
penetration resistance. "Undisturbed" samples of firmer soils are often
obtained with 3" 0.D. samplers lined with 2.42" I.D. brass rings. The
driving energy is generally recorded as the number of blows of a 140 pound
30 inch free fall drop hammer required to advance the samplers in 6 inch
increments. However, in stratified soils, driving resistance is sometimes
recorded in 2 or 3 inch increments so that soil changes and the presence
of scattered gravel or cemented layers can be readily detected and the
realistic penetration values obtained for consideration in design. These
values are expressed in blows per foot on the logs. '"Undisturbed" sam-
pling of softer soils is sometimes performed with thin walled Shelby tubes
(ASTM D1587). Where samples of rock are required, they are obtained by NX
diamond core drilling (ASTM D2113). Tube samples are labeled and placed
in watertight containers to maintain field moisture contents for testing.
When necessary for testing, larger bulk samples are taken from auger cutt-
ings.

Continuous Penetration Tests Continuous penetration tests are performed
by driving a 2" 0.D. blunt nosed penetrometer adjacent to or in the bot-
tom of borings. The penetrometer is attached to 1 5/8" 0.D. drill rods
to provide clearance to minimize side friction so that penetration values
are as nearly as possible a measure of end resistance. Penetration values
are recorded as the number of blows of a 140 pound 30 inch free fall drop
hammer required to advance the penetrometer in one foot increments or
less.

Boring Records Drilling operations are directed by our field engineer or
geologist who examines soil recovery and prepares boring logs. Soils are
visually classified in accordance with the Unified Soil Classification
System (ASTM D2487) with appropriate group symbols being shown on the
logs.
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UNIFIED SOIL CLASSIFICATION SYSTEM

Soils are visually classified by the Unified Soil Classification system on the boring logs presented in this report.
Grain-size analysis and Atterberg Limits Tests are often performed on selected samples to aid in classification.
The classification system is briefly outlined on this chart. For a more detailed description of the system, see *“The
Unified Soil Classification System’* Corp of Engineers, US Army Technical Memorandum No. 3-357 (Revised April
1960) or ASTM Designation: D2487-66T.

MAJOR DIVISIONS oty et TYPICAL NAMES
o H GW Well graded gravels, gravel-sand mixtures,
g-ﬁ CLEAN GRAVELS or sand-gravel-cobble mixtures.
e (Less than 5% passes No. 200 sieve)
N GP Poorly graded gravels, gravel-sand mix=
) g mz,:, : @ tures, or sand-gravel-cobble mixtures.
> 0w g I,
- 3 ;:t 2a Limits plot below ¢ 0
Jdo |958 GRAVELS WITH A’ line & hatched zone ’ GM |[Silty gravels, gravel-sand-silt mixtures.
8 Q = € FINES on plasticity chart
Qs B3 (More than 12% Limits plot above f/l
2 % g passes No. 200 sieve) | ‘A" line & hatched zone GC |Clayey gravels, gravel-sand-clay mixtures.
3 H - on plasticity chart /
€ = 0 90
5 8 83 °©9o00| SW |well I d
tﬁ ° g_g CLEAN SANDS & o ell graded sands, gravelly sands.
[=]
g o0 f_"’ (Less than 5% passes No. 200 seive) o o o o ¢
O § » °,§ ©¢ee e SP Poorly graded sands, gravelly sands.
< a o000 ¢
o | 239 v
2 | <o Limits plot below hl°]o]°]4
< 2s SANDS WITH “*A" line & hatched zone },|°|,l0|] SM |Silty sands, sand-silt mixtures.
- FINES on plasticity chart b1%lo e
o€ -
52 (More than 12 % passes Limits plot above 4%/0/4 %
£9 No. 200 sieve) **A’* line & hatched zone [0 °°o° () SC Clayey sands, sand-clay mixtures.
& on plasticity chart 90 0/",0
; [ =
5.3% SILTS OF LOW PLASTICITY Mt ' Inorganic silts, clayey silts with slight
x . e
oy »n :aﬁ"’ (Liquid Limit Less Than 50) I I , | ML plasticity.
38 |585:E e
2 El m‘<:§‘§ SILTS OF HIGH PLASTICITY 1 Inorganic silts, micaceous or diatoma-
{4 - . . . .
2 :3 P (Liquid Limit More Than 50) MH |ceous silty soils, elastic silts.
z ™3 =
- go w - 5 A ' -
1= 3 Inorganic clays of low to medium plas
g BN §°‘§§ CL.AY.S Of L-OW PLASTICITY CL ticity, gravelly clays, sandy clays, silty
5 §zd 2 g\%é: (Liquid Limit Less Than 50) clays, lean clays.
2z ~ag
g d 1“55 CLAYS OF HIGH PLASTICITY / ., |Inorganic clays of high plastic_igy. fat
% E1 (Liquid Limit More Than 50) CH clays, sandy clays of high plasticity.

NOTE: Coarse grained soils with between 5% & 12% passing the No. 200 sieve and fine grained soils with limits
plotting in the hatched zone on the plasticity chart to have double symbol.

PLASTICITY CHART

60
50
] CH
340 Vﬂi
- A L A LINE
=30
U o
= CL /
gzo . MH
a CL-ML — L~
10 | 7 /
[4 L
S
0
0 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT

DEFINITIONS OF SOIL FRACTIONS

SOIL COMPONENT

PARTICLE SIZE RANGE

Cobbles
Gravel

Sand
Coarse
Medium
Fine

Coarse gravel
Fine gravel

Fines (silt or clay)

Above 3 in.

3 in. to No. 4 sieve
3in. to % in.

% in. to No. 4 sieve
No. 4 to No. 200
No. 4 to No. 10

No. 10 to No. 40
No. 40 to No. 200
Below No. 200 sieve

e
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TERMINOLOGY USED TO DESCRIBE THE RELATIVE DENSITY,
CONSISTENCY OR FIRMNESS OF SOILS

The terminology wused on the boring logs to describe the
relative density, consistency or firmness of soils relative
to the standard penetration resistance is presented below.
The standard penetration resistance (N) in blows per foot is
obtained by the ASTM D1586 procedure using 2" 0.D., 1 3/8"
I.D. samplers.

1. Relative Density. Terms for description of relative
density of cohesionless, uncemented sands and sand-
gravel mixtures.

N Relative Density
0-4 Very loose
5-10 Loose
11-30 Medium dense
31-50 Dense
50+ Very dense

2. Relative Consistency. Terms for description of clays
which are saturated or near saturation.

N Relative Consistency Remarks
0-2 Very soft Easily penetrated sev-
eral inches with fist.
3-4 Soft Easily penetrated sev-
eral inches with thumb.
5-8 Medium stiff Can be penetrated sev-

eral inches with thumb
with moderate effort.
9=15 Stiff Readily indented with
thumb, but penetrated
only with great effort.

16-30 Very stiff Readily indented with
thumbnail.
30+ Hard Indented only with dif-

ficulty by thumbnail.

3. Relative Firmness. Terms for description of partially
saturated and/or cemented soils which commonly occur in
the Southwest including clays, cemented granular mate-
rials, silts and silty and clayey granular soils.

N Relative Firmness
0-4 Very soft
5-8 Soft
9-15 Moderately firm
16-30 Firm
31-50 Very firm
50+ Hard
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EXPLANATION OF CORE LOG PRESENTATION
& TERMINOLOGY FOR THE DESCRIPTION OF ROCK

I. ROCK QUALITY DESIGNATION (RQD). Percentage of rock core per core run
which is relatively sound and unfractured and which is longer than 0.33
feet in length. Rock which is soft or weathered, closely jointed, or
rock from which the core recovery is low, will have poor to fair RQD.

II. DISCONTINUITIES

A. Spacing of Joints

Code Spacing of Joints Descriptive Term
1 Greater than 10 ft. Very wide

2 3 fe. - 10 f¢t. Wide

3 1 £fe. — 3 £¢£. Moderately close
4 0.2 ft. = 1 ft. Close

5 Less than 0.2 ft. Very close

B. Orientation of Joints

Measurements presented represent dip angles from horizontal.

Symbol Description
Rdm Random - preferred orientation

cannot be determined.

C. Condition of Joints

1. Roughness

Symbol Descriptive Term Properties
Smth Smooth Appears smooth and is essen-

tially smooth to the touch.
May be slickensided.

SRgh Slightly rough Asperities on the fracture
surfaces are visible and can
be distinctly felt.

MRgh Medium rough Asperities are clearly visi-
ble and fracture surface feels
abrasive.

Rgh Rough Large angular asperities can

be seen. Some ridge and high
side angle steps evident.

—  SERGENT, HAUSKINS & BECKWITH
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Svmbol Descriptive Term Properties
VRgh Very rough Near vertical steps and ridges

occur on the fracture surface.

2. Presence or Absence of Fracture Filling Material

Svmbol Descriptive Term Definition
Cln Clean No fracture filling material.
Stn Stained Coloration of rock only. No

recognizable filling material.

Fld Filled Fracture filled with recog-
nizable filling material.

ITI. BEDDING

Symbol Descriptive Term Definition

TL Thinly laminated Less than 0.01 ft.

L Laminated 0.01 ft. to 0.04 ft.
ThB Thinly bedded 0.04 ft. to 0.20 ft.
MB Medium bedded 0.20 ft. to 2.00 ft.
TkB Thickly bedded More than 2.00 ft.

IV. DEGREE OF WEATHERING

Symbol Descriptive Term Properties
Decomposed, generally soil-like, can be crumbled by hand
pressure.

HiW Highly weathered, generally rock-like, can be broken easi-

ly, but crumbles with difficulty by hand.

Mdw Moderately weathered, fabric stained rusty brown, can be
indented by steel nail, breaks only with difficulty.

S1W Slightly weathered, open discontinuities are weathered,
coated, but only slight weathering of rock mass, generally
not indented by steel nail.

UnW Ex Unweathered except joints, weathering limited to the sur-
Jts ' face of discontinuities; fabric is fresh throughout but
most joints show rusty stain and/or soil filling material.

UnW Inc Unweathered including joints, rock mass and discontinuities
Jts are unweathered; only occasional joints show rusty stain,
practically no soil filling.
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VI.

HARDNESS

Descriptive Term

Very hard

Hard

Moderately hard

Moderately soft

Soft

Very soft

Properties

Cannot be scratched with knife or sharp pick.
Breaking of hand specimens requires several hard
blows of geologist's pick.

Can be scratched with knife or pick only with dif-
ficulty. Hard blow of hammer required to detach
hand specimen.

Can be scratched with knife or pick. Gouges or
grooves to *% inch deep can be excavated by hard
blow of point of a geologist's pick. Hand specimens
can be detached by moderate blow.

Can be grooved or gouged 1/16 inch deep by firm
pressure on knife or pick point. Can be excavated
in small chips to pieces about 1 inch maximum size
by hard blows of the point of a geologist's pick.

Can be gouged or grooved readily with knife or pick
point. Can be excavated in chips to pieces several
inches in size by moderate blows of a pick point.
Small thin pieces can be broken by finger pressure.

Can be carved with knife. Can be excavated readily
with point of pick. Pieces 1 inch or more in thick-
ness can be broken with finger pressure. Can be
scratched readily by fingernail.

MISCELLANEOUS ABBREVIATIONS

Symbol

Bkn
Brc
Calc
Cem
Frct
Gog

Description Symbol Description
Broken Incl Inclusions
Brecciated Qtz Quartz
Calcite Slicks Slickensides
Cemented SZ Shear Zone
Fractured

Gouge
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Heap Leach Facility Design

T - 3" 0.D. thin-walled Shelby tube.

PROJECT Vulture Mine Project LOG OF TEST BORING NO.__1
JoNO.__E87-11 paTe_3-4-87
3 RIG TYPE CME-35
« ;ég - Eg . BORING TYPE 6% gollow Stem Auger
L ] wge g9 5| 25 | &3 | 3% | surFace ELEv. 2047
= | 335 3 FLE8S | B | bz | 2E& | oatum ~VMP
= | 55| 2 |2|2] 3E8| 8a | iS5 | 2% ‘
§ |3ad | 83 |3|3|2%3| &3 | 32 | 3¢ REMARKS VISUAL CLASSIFICATION
O s = o S ,' e doce O ol P Sy o
e o B FILL - TAILINGS
e ] BLIghtly SILTY SAND, fine grain-
~~7»LWﬂuwaW- moist ed, subangular, non-
s IS, SR, S d plastic to low plasticH
| ; moderately ity, light brown
. : firm '
= . I N N note: considerable
o G S it e (o lime content; uncement-
R ed
10 fed
— I flslightly SANDY GRAVEL, consider-
| N R - moist able silt & clay, fine
; - T - denige. ko to medium grained sand.
! I A & gravel, angular to
, , 5
i i""l’“? : NETY Cense subrounded, strongly
j T lime cemented, low
i e plasticity to nonplas-
T tic, reddish brown
E S VR SV S
et !
? B NS W S Stopped auger at 4'6"
| S S S Stopped sampler at 6'
o T *Vulture Mine Project
I Composite Surface Map
- i..__#,
| |
‘_—j PO
o {
- L
E—
S ||
B
{ .1__1’__ it
A — -
R
N
S (UPUUSORN N R
|
GROUND WATER g
DEPTH HOUR DATE A - Auger cuttings. B - Block somple l; | SERGENT' HAUSKINS & BECKWITH
none S - 2" 0.D. 1.38" 1.D. tube sample. - A-7
U= 3" 0.0. 2427 1.0, tube somple, B0 B) e BEANecmamcaemens



Heap Leach Facility Design
PROJECT Vulture Mine Project

LOG OF TEST BORING NO._2
JoBNO.__E87-11 pATE_3-4-87

‘ i RIG TYPE CME-55
) i F s > BORING TYPE 6%" Hollow Stem Auger
3 g=§ = <a 3 T
& | win a2 5| 2 § < == | SURFACE ELEV. 2043
22¢ | 3 > i85 58 | Y2 A3 *UMP
£ 1355 8 Wl 88| £ ez g DATUM
£ | £3:| 2 |35 3£5| 83 | 36 | i
S| 5eé 55 HEHEES B 33 2 REMARKS VISUAL CLASSIFICATION
0 |} ' -
 © X’S“”— *-J5 ~—| slightly SILTY, GRAVELLY SAND,
=1 o o kA 5. 50/5 T 7 7| moist occasional cobble, sub-
. oo Zl . T e dbsiins angular to angular, me-
5 | f Rkt I~ T T T o very dense| dium to coarse grained
- 7l o Ayl @& 38 ) y sand, subangular to an-
B R Il gular, medium to coarse
; 85 } | i ‘ R SR grained gravel, moder-
[ oo ]" B BN S S S ately lime cemented,
10 | Al S L I I I nonplastic, light brown
Tttt oo :"’ w:
~ 1000 ! S ,45 L T VN N ;M., note: numerous sand
I e e e lenses throughout
ooo ! | |
oo ‘ EN A D A note: trace to small
fooe . I T T B amount of clay below
13 [ oo X]si51 | 3 8'
ooooo et 4“1—-* e note: gravel amount de-
00 N A S N S creases with depth be-
;ooo T WEDNUNSER SN - low 10'
20 T oo Si 257 i
% —_— —_—r—— o
! . T B Stopped auger at 19'6"
o2 P Stoppe sampler at 21'
S I S s - *Vulture Mine Project
‘ -1 Composite Surface Map
- - i ._?._
; e e
—— .....] ‘__ -
!
| s S E E— =
T |
: _
— ,!_ SRS,
- f ﬁ, L S
- i ,_i. ) Y —
IS A SR S N
..;’._ )t S— — —
Jas i SRR,
-
A
L I R SR
e —
|
. N S
GROUND WATER
el e o SAMPLE TYPE e
v A — Auger cuttings. B - Block sample s | SERGENT, HAUSKINS & BECKWITH
none S - 2" 0.D. 1.38"" I.D. tube sample. - A—8
U - 3" 0.D. 2.42"" 1.D. tube sample. B j PHOEMIX - ALBLIGUEROUE - SANTA FE - SALT CAKE STy - EL PASO
T - 3" 0.D. thin-walled Shelby tube. _.'*




Heap Leach Facility Design
PROJECT Vulture Mine Project LOG OF TEST BORING NO._3
l JOBNO.__EB7-11 paTE_ 3-4-87
‘ 3 RIG TYPE CME-55
) 5 $ g P Eg . BORING TYPE 6% H.?llow Stem Auger
Slac, 21255 | 25 | 83 | 32 | surracE eLev. 2053
s | 385 3 |.|%] 88| Ei | p3 | 3E | oatum —VME
£ [ £5:] £ s[a| s | ad 24 2
S |32 | 35 (515|293 >4 33 3 REMARKS VISUAL CLASSIFICATION
l 01— N X]*“ P e ——
! :°: | ; =7 E i FILL - TAILINGS
~—= Olg R R e e ’ .
{:o: @ . — i e — sl%ghtly SILTY SAND, fine grain-
' folole — -l ] R moist ed, subangular, non-
5 |-———!ol2le K71 i ¢ plastic to low plastic-
efele IX] 7] | 1]  [s=oft to firm 1 iy "lighe browm
o i i :
l ofol® it . i A note: considerable
o]l |o | i i .
ofoe | | = R lime content; uncement-
e A L ISM_ ed
i el I o 3 e S S B
ol°lo = i | i !
o : o I’ : : 5 - l_ - N
o o i i l _.4' . RS
. © : ° ‘ PN - I S
' of%lo | -
o : ° fis § . .
ol lo| ! N
' ° : ° - T
20 Ouo @ e ? 3 slightly SANDY GRAVEL, occasion-
i . s moist al cobble, medium to
B R m e B e . coarse grained, suban-
' - i e L GW rggd(litelgsceiense gular to angular sand,
fine to medium grained,
25 - ; subangular to angular
l . : gravel, moderately
[t lime cemented, non-
—1 s plastic, light brown
| 30| ] e —- o
o _L Stopped auger at 24'6
. L‘f i Stopped sampler at 26'
. | s e e s : *Vulture Mine Project
(B e meceanes mae e Composite Surface Map
i B
e —
R A IR A
N ]
- T
' =
| | I
. A R S
|
i S
| |
. GROUND WATER SAMPLE TYPE |
DEPTH HOUR DATE A — Auger cuttings. B — Block sample ; ~' SERGENT, HAUSKINS & BECKWITH
none S - 2'" 0.D. 1.38"* I.D. tube sample. = / =
U - 3" 0.D. 2.42"" 1.D. tube sample. B ) mosm(-zmmwmf%&kmgfvﬁ%g;-unw
l T - 3" 0.D. thin-walled Shelby tube. “|"




Heap Leach Facility Design

PROJECT___Vulture Mine Project LOG OF TEST BORING NO._“
JogNo._ES87-11 pate__ 3-4-87
3 RIG TYPE CME-55
) &3 TS . | BORING TYPE 6%'" Hollow Stem Auger
| wce g -STE 2 j% 32 | SURFACE ELEV. 2064
e | 338 | 3 Rl R8s 5y | ez | 28 | oaTum *VMP
£ | £33 2, ||| €5 88 | 30 | 2%
S lésd| &35 |§]8|283 ] 23 CR I REMARKS VISUAL CLASSIFICATION
O S _:NAO . o & _S SRR .-.,,_._.___4.{- e e, o
= telele S N Y B FILL- TAILINGS
! o R T s - s S,
| ol°ls . I |slightly SILTY SAND, fine grain-
0 ST 6 moist d b 1 las
. o[%]o o e R - ed, subangular, nonplas
° | { .
5 - !::° EZ]ST“IO‘ ; : moderately tic, light brown
olole o B P firm note: considerable lime
i O O e e - - content; uncemented
o|%le |~ l b
olofo -t _— . —
o o ENA-
ol §M
oo
P ] (-] eie——
of°|o o
‘o : )
Lo -] il
. ol®lo
Lolole S
o . o
° -] ° S
ofolo N
R
L slightly SANDY GRAVEL, occasion-
: moist al cobble, medium to
—GW~ coarse grained, suban-

very dense

gular to angular sand,
fine to medium grained,
subangular to angular
gravel, strongly lime
cemented, nonplastic,
light brown

o Stopped auger at 24'6"
| Sampler refused at

- 24'8"
|

| *Vulture Mine Project
i Composite Surface Map
P [ S SP—. 2

GROUND WATER
DEPTH HOUR
none

SAMPLE TYPE

A — Auger cuttings. B - Block somple |
S - 2" 0.D. 1.38" I.D. tube sample. -

U - 3" 0.D. 2.42" I.D. tube sample. 8
T-3'0

DATE
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Heap Leach Facility Design

PROJECT___Vulture Mine Project LOG OF TEST BORING NO._5
JogNo._E87-11 paTe_ 3-4-87
3 RIG TYPE CME-55
.83 .| E2 BORING TYPE 6%'" Hollow Stem Auger
3 o 85 E = = § 20507
& | 25 $1Sof| 23 | 83 | 33 | SuRFacEELEV. ]
s | 358 ¢ Fldms | 22 0z 22 | DATUM ~VMP
£ | £33 2 |3|s|s€3| 88 | 5 | 2%
S |see| 335 1513 é’gj 33| 38 5 REMARKS VISUAL CLASSIFICATION
TR °X S..12 | 1 4| o
R B L A R e e e S FILL - TAILINGS
g'::: KA. | 17T T |slightly SILTY SAND, fine grain-
4 N1® EZ.SLF_Q et S S moist ed, subangular, non-
-] o ! { . P
s | o | sote <o s o e
~{ ol lo i ' (R TT T R ’
!°:° Ei‘Ti(S 72 a2 y._“; ?zggrately light brown
olole | ! i :
ofofo - . g ~fe note: considerable lime
olele T T T g content; uncemented
].O - : G o . -—-1.- PR, (00
— 1 o2]o Ez'rﬁ(10'~12'2') S i
o o ‘{A - —— S A
ofefe 1 e
i e e e R
el T NG w— I M :
| 05:0-. U slightly SANDY GRAVEL, occasion-
R T T GW o moist al cobble, medium to
: ::y‘j"{“"‘“]“ff““f‘i:fl:i‘ dess 5 coarse grained, suban-
20 RO 150/3% 1 1 |very dense gular to angular sand,
s — - fine to medium grained,
) i % B e il T T e subangular to angular
; ‘ " gravel, strongly lime
‘ e oo e b1 11led 2" sched- :
; ~ ; cemented, nonplastic,
i f ool ule 40 PVC in reddish br
<4 ) — % adjacent bor- = own

ing for isola-

§ I S— ted interval Stopped auger at 19'6"

! X permeability Sampler refused at

5 i O S— test; slotted 20'3"
S— - interval from

; e 5' to 10' *Vulture Mine Project

; f" - Composite Surface Map
- ! [

- i ,,,,,

NN

R e e
® SUUHNE— ———
GROUND WATER SAMPLE TYPE |
——p oR | M A - Auger cuttings. B - Block sample g ) SERGENT, HAUSKINS & BECKWITH
none S -2 0.D. 1.38"* I.D. tube sample. = A-
U - 3" 0.D. 2.42"" 1.D. tube sample. < B O e e A O cLPA%0
T - 3" 0.D. thin-walled Shelby tube. t-




I Heap Leach Facility Design 6
PROJECT___Vulture Mine Project LOG OF TEST BORING NO.
' JOBNO._EB7-11 paTe_ 3-5-87
. 3 RIG TYPE CME-55
. S8 .| &2 . | BORING TYPE 6%" Hollow Stem Auger
& | ses -3 -“?E 23 | 83 | 32 | surrace eLev. 2029
l | 338 3 S8R EL | e | 28 | oatum *VMP
£ | £5%] £ 33| $£s | 83 | 2 23
S 1882 &3 |58 283 | 23 33 3 REMARKS VISUAL CLASSIFICATION
I 0 o = vg_wii Pra
i N e & SM FILL - TAILINGS
R]s—zo;- L i |slightly SILTY SAND, fine grain-
I ‘ . 1 moist ed, subangular, non-
5 L E e ‘ i plastic to low plastic-
> ST2177 , ! moderately A ;
0. it kb b firm to firm ity, reddish brown to
T P O R i L. light brown
I o Sl B . b note: considerable lime
10 15 - A I he— content; uncemented
R R s e —
i A
' k3 595 ] 5748 2
i Rl A
i ! . . .
' 20 e R]s;"‘“33"f“"”—'"f*“z*"f‘"SW“ slightly SANDY GRAVEL, occasion-
. — : moist al cobble, medium to
e R : coarse grained, suban-
I . 1 -l—~ Vrggdé:glsgense gular to angular sand,
A - fine to medium grained,
25 — I subangular to angular
' o edaen gravel, strongly lime
! T cemented, nonplastic,
B i reddish brown to brown
i B ! : = e e
I ---------- ; j" slightly GRAVELLY SAND, medium
g moist to coarse grained, sub-
=11 ~ angular to angular sand,
l N A I s S dense fine grained, subangu-
T e lar to angular gravel,
N I s weakly lime cemented,
l : l R S— L nonplastic, light brown
A l e CRE S S =,
I S P . Stopped auger at 19'6"
I Stopped sampler at 21'
l | ' | o ‘—‘ *Vulture Mine Project
1 i R A Composite Surface Map
I T i SO s
S S —
l L e
SN TN S S—
NP SN, A
‘ GROUND WATER SAMPLE TYPE |
l DEPTH HOUR DATE A — Auger cuttings. B ~ Block sample @ SERGENT, HAUSKINS & BECKWITH
none S - 2" 0.D. 1.38"" I.D. tube sample. - -_
U - 3" 0.D. 2.42"" I.D. tube sample. 8 PHOENX - ALBUGUEROUE « SANTA FE. AT CARE E1TY - EL PASO
' T - 3" 0.D. thin-walled Shelby tube. —'—



Heap Leach Facility Design

PROJECT__ Vulture Mine Project LOG OF TEST BORING NO._’
JoB NO._E87-11 pATE_3-5-87

s RIG TYPE CM§‘55
=35 ] 5z BORING TYPE 6%  Hollow Stem Auger
K] of 3= N €Q _.E 2035
o® wCe 2 ]i=sy 18 s S z 3 SURFACE ELEV.
e | 358 3 | |%|&®e| El | ez | 28 | oaTum *VMP
$1E83] 5. [l 322 | 25 | 39 | £
S lese!| &35 |318|383 | &2 3¢ 3 REMARKS YISUAL CLASSIFICATION
U s o : - =
i o o § ! i
0|0 @S; L1590 VRN SN S— FILL - TAILINGS
1 0 -] 1
I ° .- ' - - ’ SO { ST t .
Colele T -‘ s ;E;igkt‘tly SILTY SAND, fine
i ofole T (2 6" 4'8Y)-2- grained, subangular,
5 T el STHZZ ; e -| moderately low plasticity to non-
5L : firm to firm | plastic, medium brown
| S ;'i I v it - to yellowish brown
SN - S O S O note: considerable
10 _mmmwa% S 50/5n f GW lime content, unce-
o 39251>r T - mented
;ggj . ~~-€“ | eeope———| glightly SANDY GRAVEL, occasion-
e B, et pa o : moist al cobble, medium to

iy B = coarse grained, suban-
15[ - fesent f : very denes gular to angular sand,
B e fine to medium grained,
S P, IS S — subangular to angular.
. S ST S— gravel, strongly lime
e S cemented, nonplastic,
reddish brown

N BEDROCK, undifferenti-
ated Precambrian Schist,
highly weathered, mod-
erately soft to moder-
R ately hard, green to
brown

i
i

N
N

|

Stopped auger at 13'
Sampler refused at
13'3"

R R, USTO. SONE. D, gy Sy R

|
I

|

, Ll *Vulture Mine Project
N e Composite Surface Map

. — -

GROUND WATER SAMPLE TYPE )
DEPTH HOUR DATE A - Auger cuttings. B - Block sample | SERGENT, HAUSKINS & BECKWITH
none S - 2" 0.D. 1.38'" 1.D. tube sample - s A"l 3

CONSULTING GEOTECHNICAL ENGINEERS
PHOEMIX « ALBUQUERQUE - SANTA FE - SALT LAKE CITY - EL PASO

U - 3" 0.D. 2.42'" 1.D. tube sample.

T - 3" 0.D. thin-walled Shelby tube. t

I
|
I
|
|




I Heap Leach Facility Design
PROJECT Vulture Mine Project LOG OF TEST BORING NO._38
’ JOBNO._E87-11 DpATE_3-5-87
l s RIG TYPE CME-55
N i 2| 82 . | BORING TYPE 6%" Hollow Stem Auger
N s| 35E| 5 | 52 | =% | surrace eLev. 2040°
' | 338 3 clEeRe| B30 S: | 28 | patum *VMP
s [E83] 5. [§|3] s3] 88| 8 | 33
S |38 &35 |58 é’gi Za | 33 z2 REMARKS VISUAL CLASSIFICATION
I i olele E S..13 {.. .| : FILL - TAILINGS
Col%le L e e
Lolole SN i1 7 | slightly SILTY SAND, fine
1 LRl DT @erarmy g | moise grained, subangular,
5! of2lo " l ! . nonplastic to low plas-
B B M L Z L eyl ISR SN B> f}.’ ticity, light brown
Loofsle TE{5 =7 2") ; ilrm to Iilrm )
i 9fgl® S SR e note: considerable
' : S.o‘.' j : f lime content; unce-
— B0 5 At - i mented
10| - 1 Jaiy Si 24|
IS S X3 3 e S I l_ S | slightly SANDY GRAVEL, occasion-
" | &N ' B R | GW moist al cobble, medium to
. o~ ; » : L I_ I R medium dense coarse grained, suban-
L N T S S E to very dense gglar Co angular s.::md,
15 5] e q._SQ_/_?.' _______ fine to medium grained,
o ! | _ subangular to angular
' i T I gravel, moderately lime
' e | I o cemented, nonplastic,
I b I : N medium brown
od b LV
I Stopped auger at 14'6"
. I Sampler refused at
- " A_ll..._ 14’8”
I : e E I [, S note: installed 2"
g I . . Schedule 40 PVC in
o boring for isolated in-
; [ terval permeability
. i o} test; slotted interval
: A from 10' to 15'
| A B *Vulture Mine Project
I i - Composite Surface Map
= S
~ | S
I (0. —
- W SN,
l Y IR DR N N
i~
| O —
T DRSS B
T
Lo . I— | i
l RN SN I -
i ‘ i
GROUND WATER SAMPLE TYPE |
l DEPTH HOUR DATE A - Auger cuttings. B _ Block sample ﬂ- ] SERGENT, HAUSKINS & BECKWITH
none $ = 2" 0.D. 1.38': 1.D. tube sample., "/C A-14
U - 3" 0.D. 2.42'" |.D. tube sampla. b e CSULTING GEOTECHNGAL ENGINEERS
I T - 3" 0.D. thin-walled Shelby tube. "'—




Heap Leach Facility Design

l
I

PROJECT 87Vﬁture M"“;e Pfé‘oiect LOG OF TEST BORING NO._?
JOB NO._E3 /- DATE -5-87
3 RIG TYPE CME-55
. . :g ® . § > . BORING TYPE 6%'" Hollow Stem Auger
Sl ese H ::E 25 | 83 | 52 | surrace eLev. 20287
£ |335] 3 Jn1 a8 2 | w: | A& | oarum *YMP
3 § E-f és' HE _Si; 9] 5“:’, ':.E REMARKS VISUAL CLASSIFICATIO
o | dae | da |4|d|a@Z2 | a1 a 50 N
0 et . + e -+ e i
e ] si-18 || — | slighely SILTY, SANDY GRAVEL,
- o:o: S . T . — moist occasional cobbles,
— 1 olgle - . medium to coarse grain-
(-]
°lole S}“§§__M”____~__immﬁ_ ﬁ;i? Lo ed, subangular to angu-
5| - OZOSHS;,,SQLS._S : lar sand, fine to
ool® | cbosle i — coarse grained, suban-
7 00 SO SN LORR. CHN. S gular to angular grav-
ofo , R S S S el, moderately to
S [ D e S ER SNES S strongly lime ce-
10 - ole : K S—26 - = mented, nonplastic,
of3e et WO, SOOI, ORI 47" Y to low plasticity,
| Slof® |- <= — oM light brown to tan
i :::l P e e e note: silt decrease
I s B below 12'
].5 ——i O 9 o % . L-—-
BN b AN U T R R
. 5°:°l"“’ - .
- g (- 2 S et D
1 CI T N o
- J o
20 | —— olofe [X] 8105
e i - | o —
-] 9 o ‘
"Wo:o'vk'
i i 1 | '
25 | = — 50/3"(no-recovery)- BEDROCK, undifferenti-
. ‘ J‘” ated Precambrian Schist
vvvvv ; Ll T highly weathered, mod-
_ -l erately soft to moder-
] 1 ately hard, green to
30 | EZTS 50/3" reddish brown
i ‘ " —
i o "
35 ~”__1l _‘«S '—'50/2:"
et
0 O A I D
40 — Y0 7 | A i— —
_E i Stopped auger at 39'6"
i N Sampler refused at
45 W i — 39'7"
| forefimes - .
e — S *Vulture Mine Project
e i Composite Surface Map
= i ! b U A B CETN %_A_.,..._
50 :
DspriROUS§L:ATER SAMPLE TYPE e
Sone T A - Avgorcuttings. B - Block somple (5 ]| SERGENT, HAUSKINS & BECKWITH
-3 O:D: 2:42" I:D: tube sam:lo: | a B | CONSULTING GEQTECHNICAL ENGINEERS
T - 3" 0.D. thin-walled Shelby tube. T T PHOBNKS TUGSON. ALBUGUERQUE + SANTAFE + SALF LAKE.CITY - L. PABO)




Heap Leach Facility Design

PROJECT Vulture Mine Project LOG OF TEST BORING NO. 10
JOBNO._E87-11 DATE_3-5-87

& RIG TYPE CM§'55
. s g g & Eg " BORING TYPE 6% }'{ollow Stem Auger
I gl 8T8 2% | 52 | =2 | surrace eLev. <034
w ,o: _ > % Bk ,-3 Qo -] *VMP
: 3z ¢ ] ol » 2 'S w2 DATUM
i 298 o o] o . 0 ] 5 e -
£ | £33 2, |33 8] 88| 8 | 3%
-3 ] o @ E E 0o = P - = Iy
QO Jnfa: 6-10 Sl8la=3 5j 2001' ::U REMARKS VISUAL CLASSIFICATION
O ——= ~ R E e e e T"N'—w T
, o o A s s = A
ool (2 S: 24 o FILL- TAILINGS
0|6 ¢ T - :
e

‘ing' 64—.w “  _ ! slightly SILTY SAND, some clay,
| TS SN S—— — T} 1 fine grained, subangu-
. lar, low plasticity,
R firm light brown

«

note: considerable
GC_ lime content; unce-
‘ mented

aH - slightly CLAYEY TO SILTY GRAVEL,
et

i
o
o

o] —

b | moist considerable sand,
e : occasional cobble,
P i i hard . :
= ) , fine to coarse grained,
— S 5071 .
15[== R subangular to angular
R S e SN NN S S— sand, fine to coarse
S et SRR S — grained, subangular to
e angular gravel, weakly
: el - e el [ppe to moderately lime ce-
: s - ; mented, low plasticity,
R e I U W gray to tan

}
WL“ e BEDROCK, undifferenti-
g ) ated Precambrian Schist
_— [ - i highly weathered, mod-
; b s A erately soft to moder-
-~ L ately hard, greenish
] bl . \ gray to brown

; § Stopped auger at 14'6"
| S T Sampler refused at
R R S 4 : 14'7" on bedrock

e o *Vulture Mine Project
: IR T , Composite Surface Map

| ; gt ,..._A__!I‘ R

|
| n |
|

s U SR, USSR

GROUND WATER
DEPTH HOUR DATE

none

SAMPLE TYPE |
Auger cuttings. B -~ Block sample ﬁE;‘ SERGENT, HAUSK]NS & BECKW'TH
!

" 0.D. 1.38"* I.D. tube somple. -

A-16

Bl CONSULTING GEOTECHNICAL ENGINEERS
— PHOENIX « ALBUQUERQUE « SANTA FE - SALT LAKE CITY » EL PASO

A, =
S -2
U - 3" 0.D. 2.42"" I.D. tube sample. ‘
T - 3" 0.D. thin-walled Shelby tube.
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SERGENT, HAUSKINS & BECKWITH

CONSULTING GEOTECHNICAL ENGINEERS
PHOENIX « ALBUQUERQUE « SANTA FE « SALT LAKE CITY « EL PASO
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LABORATORY TESTING PROCEDURES

Consolidation Tests Soiltest or Clockhouse apparatus of the
"floating-ring" type are employed for the one-dimensional
consolidation tests. They are designed to receive one inch
high 2.5 inch 0.D. brass liner rings with soil specimens as
secured in the field. Procedures for the tests generally
are those outlined in ASTM D2435. Loads are applied in sev-
eral increments to the upper surface of the test specimen
and the resulting deformations are recorded at selected time
intervals for each increment. For soils which are essen-
-tially saturated, each increment of load is maintained until
the deformation versus log of time curve indicates comple-
tion of primary consolidation. For partially saturated
soils, each increment of load is maintained until the rate
of deformation is equal or 1less than 1/10,000 inch per
hour. Applied 1loads are such that each new increment is
equal to the total previously applied 1loading. Porous
stones are placed in contact with the top and bottom of the
specimens to permit free addition or expulsion of water.
For partially saturated soils, the tests are normally per-
formed at in situ moisture conditions until consolidation is
complete under stresses approximately equal to those which
will be imposed by the combined overburden and foundation
loads. The samples are then submerged to show the effect of
moisture increase and the tests continued under higher load-
ings. Generally, the tests are continued to about twice the
anticipated curve due to overburden and structural 1loads

with a rebound curve then being established by releasing
loads.

Expansion Tests The same type of consolidometer apparatus
described above is used in expansion testing. Undisturbed
samples contained in brass 1liner rings are placed in the
consolidometers, subjected to appropriate surcharge loads
and submerged. The loads are maintained until the expansion
versus log of time curve indicates the completion of
"primary swell".

Direct Shear Tests Direct shear tests are run using a
Clockhouse or Soiltest apparatus of the strain-control of
approximately 0.05 inches per minute. The machine is de-
signed to receive one of the one inch high 2.42 inch
diameter specimens obtained by tube sampling. Generally,
each sample is sheared under a normal load equivalent to the
effective overburden pressure at the point of sampling. In
some instances, samples are sheared at several normal loads
to obtain the cohesion and angle of internal friction. When
necessary, samples are saturated and/or consolidated before
shearing in order to approximate the anticipated controlling
field loading conditions.

_—

| SERGENT, HAUSKINS & BECKWITH

==
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B} CONSULTING GEOTECHNICAL ENGINEERS B— l

-'- PHOENIX ¢ ALBUQUERQUE ¢ SANTA FE




SERGENT, HAUSKINS % BECKWITH

TABULATION OF TEST RESULTS

Job No. EB7-11
W/0 2

HOLE UNIFIED SIEVE ANALYSIS-ACCUM % PASSING LAB NO
NO DEPTH  CLASS L.L. P.I. B200 £100 430 &40 #30 #16 #10 #8 &4 .25° .375%.5"
WERED S O L < L R L U LI Ve

2 4.5'-5" SH-SH NV NP 9.0 13 20 26 33 46 59 65 78 85 93 &
100 7-11-3
3 4.57-6" SN MW NP 41 61 8 96 100 7-11-14
4 15'-16.8 ML NV NP 65 B6 98 7-11-23
§-7.3' ML N NP SL 70 86 96 39 100 7-11-28

3 14.5'-18! NA NA 12 18 26 32 38 48 ST 61 71 76 8 90
100 7-11-36

3 19.5'-21" N NA 8.1 12 1B 24 32 54 70 76 88 91 97 9
100 7-11-37
7 2.57-4.7" N NA S8 B2 97 99 7-11-39
TAILINGS - SN N N 22 47 76 90 98 100 7-11-61

ALLUVIUM —- S-S NN 7.9 11 14 17 20 32 43 48 67 76 B3 93

37 99 100 7-11-62

HE B I BN AN B S I B S I BN B B B B B EE .
wn




SERGENT, HAUSKINS & BECKWITH

TABULATION OF TEST RESULTS

Job No. EB7-11

W/0 2

HOLE HOISTURE LAB
NO DEPTH CONTENT NO

;i 4.5'-5’ 1.9 % 7-11-9
3 4,57 -5! .11 7-11-14
4 15'-16.8 1.8 % 7-11-23
5 57-7.3' 1.8 % 7-11-28
g 14.57-16! 214 7-11-36
6 19.57-21" 231 7-11-37
7 2.5'-4,7" 221 7-11-39
TAILINGS - 5% 7-11-61
ALLUVIUN 1.7 1 7-11-62




SUMMARY OF CONSOLIDATION TESTS

Heap Leach Facility Design

SOIL MOISTURE CONDITION

———— SUBMERGED

B-4

| CONSULTING GEOTECHNICAL ENGINEERS

|
INSITU @l SERGENT, HAUSKINS & BECKWITH
B8

e m-m-wmchn-mrmm-arm

l PROJECT Vulture Mine Project JOB NO E87-11
0 ====::::::*;_ !
l i |
| 1
i
1
i :
5 I
1 b
> 1
l :
N
4 |
N IR
10
N |
s =3 oces ‘ I
| il - M |
l | |y
= K il
(= I
s 15 i i il *-lﬂ |
e 1L 11
g Il 1 } i
g il i
- i [
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T !
[V ! |
' S 20 i ! ; i
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=z |
1 . ..
- } ! all
<
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S 25 A o
8 : I
b [HIH
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I i il "
f
30 . 1 !
I
l |
il H I
1 H
i 1
l 35 .
0.1 1.0 10.0 .. 50
I PRESSURE - Kips per square foot
INITIAL DRY DENsITY| MOJSTURE CONTENT |\ \cien sorL
CURVE SAMPLE LBS./CU. FT. S ORY WEIGHT CLASSIFICATION
l INITIAL FINAL
23 Boring 4 @ 15'-16.8"' 94.7 253 18.6 SM




CONSOLIDATION - Percent of initial height

SUMMARY OF CONSOLIDATION TESTS
Heap Leach Facility Design

PROJECT Vulture Mine Project JOB NO. E87-11
0 |
|}
(i}
Tt
1 [
0
1
5
|
N
R
.l
10 h
ani — i N ] i
xeag !
il = ;
| 3
t I
15 | it !
Il i il
i
i
H Hill
|
20 ' |
I I |
I
1 , i
i | 1 | i
+ x
25 Il il
1 i
! i
il
T
|
30 i
{ 1
i
35
0.1 1.0 10.0 50
PRESSURE - Kips per square foot
MOISTURE CONTENT
cuRve sAmeLE M s curr Y% oRvweiGnT " | umirien soi
INITIAL FINAL
28 | Boring 5 @ 5'-7.3" 90.6 3.2 22.4 SM

SOIL MOISTURE CONDITION

INSITU
———— SUBMERGED
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I
- |
8

B=5

CONSULTING GEOTECHNICAL ENGINEERS
'WW~WAF§-“1IMW-R’M



CONSOLIDATION - Percent of initial height

SUMMARY OF CONSOLIDATION TESTS
Heap Leach Facility Design

PROJECT Vulture Mine Project JOB NO. E87-11
0y I
A¥aseesst LN -
|
|
5 | £
1l L
|
N T
Il N
|
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10 ‘
|
T e il
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Y i“ ze=gps \
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! 1
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20 |
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30
|
|
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35
0.1 1.0 10.0 50
PRESSURE - Kips per square foot
c
sameLe T e e Y| ORVNERNTNT | wwirieo san
INITIAL FINAL
29 | Boring 5 @ 10'-12.2" 90.7 4.5 21.8 SM

SOIL MOISTURE CONDITION
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SUMMARY OF CONSOLIDATION TESTS
Heap Leach Facility Design

PROJECT Vulture Mine Project JOB NO E87-11
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PRESSURE - Kips per square foot

— INITIAL DRY DENSITY "°.}.s;gcig%"u‘rf"'r UNIFIED sOIL
cu SAMPLE LBS./CU. FT. CLASSIFICATION
INITIAL FINAL

45 | Boring 8 @ 5'-7.2"' 94.0 2.5 19 +2 SM

SOIL _MOISTURE CONDITION |
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DEEaEN Ly FAUDELND % BELFEWLIH

CONSULTINE GEOTECHNICAL ENGINEERS

FEPORT OF LABORATORY TESTS DATE 4/8/87
PROJECT: VULTURE MINE JOB NO. EB7-11
LOCATION:#4 @ 2.5'-47 & 4.5'-67 W.0.NO. 2

LAB NO. 20 % 21
DIRECT SHEAR TEST(SATURATED)

POINT NO. 1 (NORMAL STRESS 0.3995 KSF)

Initial Moisture Content 13.4% "
Dry Density 103.0 LB/CU FT
Moisture at Saturation P HEIC

Maximum Vertical Deformation @ T max. -0.032 IN

Shearing Stress, T max. 0.7 KSF

POINT NO. 2 C(NORMAL STRESS 2.998 KSF)

Initial Moisture Content 13. 77

Dry Density 104.8 LB/CU FT
Moisture at Saturation 22.6%

Maximum Vertical Deformation @ T max. -0.04 IN
Shearing Stress, T max. 2.2 KSF

FPOINT NO. 3 (NORMAL STRESS 6£.003 KSF)

Initial Moisture Content 132.57

Dry Density 104.9 LB/7CU FT
Moisture at Saturation 22.6%

Maximum Vertical Deformation @ T max. -0.029 IN
Shearing Stress, T max. 3.8 ESF
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SERGENT, HAUSEINES % BECEWITH

CONSULLTING GEOTECHNICAL ENGINEERS

REFORT OF LABORATORY TESTS
FROJECT: VULTURE MINE

LOCATION: #4 & 157 TO 1£.8°

DIRECT SHEAR TESTCINSITU 3

FOINT NO. 1 CNORMAL STRESS
Initial Moisture Contaent
Dry Density
Maximum Vertical Deformation @ T max.
Shearing Stress, T max.

FOINT NO. 2 (NORMAL STRESS
Initial Moisture Content
Dry Density
Mawximum Vertical Deformation @ T max.
Shearing Stress, T max.

FOINT NO. 3  (NORMAL STRESS
Initial Moisture Content
Dry Density

Mawimum Yertical Deformation & T max.

Shearing Stress, T max.

0.995 KBF)

4 KSF)

B KESF

DaTE

JOE NG

W. 0. NO.

LAR NO.

2el%

HBEe7

-0.001 IN

ES7-11

LE/CU

1.2 K8F

1.9%
98.1 LEB/CU

—~0.018 IN

3.4 ESF

o B
an w "t /u

935.2 LB/ACU

{3, O

1

ag

L

FT

FT
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SERGENT,

HAUSKINS % BECEWITH

CONSULTING GEOTECHNMIZAL ENGINEERS

EEFORT OF LABORATORY TESTS
FROJECT: VULTURE MINE

LOCATIONM:#S @& 5 TO 7.3°7

DATE SABL/B7

JOE NO.

W.D0.NO. =2

LAaB NO. 28

DIRECT SHEAR TESTCINSITU 3

FOINT NO. 1 (NORMAL STRESS

Initial Moisture Content
Dry Density

Maximum Vertical Deformation @ T max.

Shearing Stress, T max.

FOINT NO. & C(NORMAL STRESS

Initial Moisture Content
Dry Density

Maximum Vertical Deformation @ T max.

Shearing Stress, T max.

FOINT NO. 5 (NOEMAL STRESS

Initial Moistuwre Content

Dry Density

Maximum Vertical Deformation & T

MAX o

Shearing Stress, T max.

0.395 KSF)
Z.9%
25.6 LB/CU FT
0.002 IN
1.2 KSF
1.5%

95.0 LB/CU FT

0.007 IN

o
i3]
By

2.1%

4.9 LB/ACU FT

~0.026 IN
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SERGENT, HAUSEINS %
CONMSULTING GEQTECHNICAL
EEFORT OF LABORATORY TESTS
FEOJECT: VULTURE MINE
LOCATION: #5 @ 107 TO i2.2°
DIRECT SHEAR TEST(SATURATED
FOINT NO. 1 C(NORMAL STRESS 0.935 KSF)

Initial Moisture Content
Dry Density
Moisturse at Saturation

Maximum Vertical Deformation @

Shearing Stress, T max.

FOINT NO. 2

Initial Moisture Content
Dry Density
Moisture at Saturation

CNORMAL STRESS

T max.

Maximum Vertical Deformation @ T max.

Shearing Stress, T max.

FOINT NOD. 3
Initial Moisture Content
Dry Density
Moisture at Saturation

CNOEMAL. STRESS

&. 003 KSF)

Maximum Vertical Deformation @ T max.

Shearing Stress, T max.

BECHKWITH

ENGINEERS

DATE

LAR

)

/31787
NO. EB7-11
NO. =
NO. 29
53,5 LE/CU FT
9. 9%

0GB IN

0.7 KSF

2. 5%
94.2 LB/CU FT
29.2%

~0.036 IN

1.9 KSF
4. 1%
4.5 LB/CU FT
29.2%
~0.042 IN
4.0 KSF
B-14
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SERGENT, HAUSKINS & BECKWITH

CONSULTING GEOTECHNICAL ENGINEERS

REPORT OF LABORATORY TESTS DATE 4/8/87
FROJECT: VULTURE MINE JOB NO. E87-11
LOCATION:#8 @ 57-7.27 W.0.NO. 2

LAB NO. +5

DIRECT SHEAR TEST(SATURATED)

POINT NO. 1 (NORMAL STRESS 0.995 KSF)

Initial Moisture Content 2.8%

Dry Density 94.4 LB/CU FT

Moisture at Saturation 29.6%

Maximum Vertical Deformation @ T max. -0.032 IN

Shearing Stress, T max. 0.7 KSF
POINT NO. 2 C(NORMAL STRESS 4.003 KSF)

Initial Moisture Content 2.9%

Dry Density S94.3 LB/CU FT

Moisture at Saturation 29.7%

Maximum Vertical Deformation @ T max. -0.04 IN

Shearing Stress, T max. 2.7 KSF
POINT NO. 3 C(NORMAL STRESS 8.01 KSF)

Initial Moisture Content 3,47

Dry Density 91.9 LB/CU FT

Moisture at Saturation 31.4%

Maximum Vertical Deformation @ T max. 0.03 IN

Shearing Stress, T max. 4.4 KSF
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REFORT OF LABORATORY TESTS

FROJECT:

VULTURE MINE

LOCATION: TAILINGS

2/25/87

EB7-11

MAXIMUM DRY DENSITY

OFTIMUM MOISTURE CONTENT

i

LEGu

P
i
b

GRY DEMSITY

130

127.8 LB/CZU
10.2%

FT

TEST DESIGNATION

METHOD
CURVE

MOISTURE — DEMSITY RELATIONSHIP

AETM D&S8
&

138

~d

8.0%

PERCEHT kA2ASTIHRE
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SERGENT, HAUSKINS % BECKWITH

CONSULTING SEOTECHNICAL ENSINEERS

REFORT OF LABORATORY TESTS DATE S/ 23/87
FROJECT: VULTURE MINE JOB NG. EB7-11
LOCATION: TAILINES W.0.NO. 2

LAB NO. &1

TEST DESIGNATION ASTM DE98
METHOD A
CURVE

MAXIMUM DREY DENSITY 110.9 LB/CU FT

OFTIMUM MOISTURE CONTENT 3.4%

113

111 !

110

e}

e

LBASCU FT)
=l

4
i
'y

ing

or

DRY DEMHTITY
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Table 6.1.--General-storm PMP computations for the Colorado River and Great
basin A5 ' X 5T = 225 go0 £
Drainage Lo /7ore fMine Leoch f2oA Area < /O mil
722
Latitude 2% °s2’ , Longitude é’ of basin center

Month /) Semsoys  Aobhesr o loe Cver- A7/

Sten Duration (hrs) » /'/0/42‘/75)
6 12 18 24 48 72

A. Convergence PMP

1. Drainage average value from

one of figures 2.5 to 2.16 /Z<in. o Aegusrt)
2.. Reduction for barrier-

relevation [fig. 2.18] &0 %
3. Barrier-elevation reduced

PMP [step 1 X step 2] /0. Zin.

4. Durational variation
[figs. 2.25 to 2.27

and table 2.7]. ZE E7 Fs 0 N2 /7 Zﬂ“/”/ﬂé)
5. Convergence PMP for indicated

durations [steps 3 X 4] &l Z7 ot a2 /281N,
6. Incremental 10 miz (26 kmz) '

PMP [successive subtraction

in step 5] S/ L 2725 43 IE in.

Areal reduction [select from ' .

figs. 2.28 and 2.29] [V S p0 po0 [20 (22 /{4@057_‘)
8. Areally reduced PMP [step 6 X

step 7] G/ L5 al 25 /3 TE in.
9. Drainage average PMP [accumulated ;

values of step 8] o &/ F7oL oFL22 (2 Fin.

B. Orographic PMP

1. Drainage average orographic index from figure 3.1la to d. Z$ in. Kf//ﬂQ
2. Areal reduction [figure 3.20]&x%

3. Adjustment for month [one of

figs. 3.12 to 3.17] S0l ﬁ4c§o_f7ﬂ
4. Areally and seasonally adjusted ‘
PMP [steps 1 X 2 X 3] S in.
5. Durational variation [table
3.1 - - S5 &2 83 oo AT B2
6. Orographic PMP for given dur- : .
ations [steps 4 X 5] L 22293 2 5. 7in.
C. Total PMP
1. Add steps A9 and B6 Z3 NTF (33 EF /72 2250n.

2. DPMP for other durations from smooth curve fitted to plot of computed data.

3. Comparison with local-storm PMP (see sec. 6.3).
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Figure 7 .--Curve number method for estimating lag (L)
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HYDROLOGY: SOLUTION OF RUNOFF EQUATION Q=
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REFERENCE Mockus, Victor: Estimating direct runoff amounts from
storm rainfall: Central Technical Unit, October, 1955
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BOTTOM WIDTH ...vtiinrenns., B = #.8 FEET
SIDE SLOPE .uveuivscenmnnanes 2 = 2.58
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Heap Leach Facility Design
Vulture Mine Project

Near Wickenburg, Arizona
SHB Job No. E87-11

GUIDE SPECIFICATIONS FOR SITE GRADING

1. Observations & Tests

The geotechnical engineer shall act as the engineer's
representative and shall make observations of site grad-

ing operations and tests as considered necessary for

quality control.

Where foundations or other critical elements are to be
supported on structural £ill, continuous observations
and tests of grading operations shall be made by repre-
sentatives of the geotechnical engineer. All tests
shall be performed in accordance with procedures set
forth in Section 4, Volumes 04, 02, 04.03 and 04.08, of
the 1984 Book of ASTM Standards.

2. Foundation Preparation

2.1 Clearing & Grubbing

All vegetation, debris and other deleterious material
shall be removed from areas of cut and £ill. This in-
cludes the leach pad, perimeter channel and pond areas

as shown on the plans.

Materials to be removed include surface boulders, or-
ganic matter including trees, stumps and roots, or other

objectional material as determined by the Engineer.
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Heap Leach Facility Design
Vulture Mine Project

Near Wickenburg, Arizona
SHB Job No. E87-11

2.2 Stockpiling Topsoil

All topsoil removed during the clearing and grubbing
operation may be stockpiled in areas designated by the

Construction Manager.

2.3 Surface Compaction

The upper 6 inches of native soils beneath cut surfaces
and areas to receive £ill in the pond areas shall be
scarified and compacted to a minimum of 95 percent of
maximum density as determined in accordance with ASTM
D698. Moisture content during compaction shall be
maintained within the 1limits of 2 percent below to 3
percent above optimum moisture content as determined by
ASTM D698.

Where tailings are present as foundation materials be-
neath the pad, perimeter channel and berms, the upper 1
foot shall be overexcavated and recompacted in accor-

dance with the aforementioned standards.

3. Embankment Construction

3.1 Random Fill Material Quality

All embankment materials shall be free of excessive vege-

tation, debris, organic matter and other deleterious
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Heap Leach Facility Design
Vulture Mine Project

Near Wickenburg, Arizona
SHB Job No. E87-11

materials. Soils classified as random £ill may be ob-
tained from overexcavated areas of the pad and perimeter
channel, pregnant, barren and surge pond excavations, or
other areas on-site approved by the Geotechnical
Engineer. All excavation from the area of the pad and
ponds shall be considered suitable for wuse on
embankments provided they contain no particles larger

than 6 inches nominal diameter.

Compaction Requirements

Compaction of embankments shall be to a minimum of 95
percent of ASTM D698 maximum dry density. The moisture
content during compaction shall be maintained within the
limits of 2 percent below to 3 percent above optimum
moisture content as determined in accordance with ASTM
D698.

Placement & Compaction

Embankment and £ill materials shall be placed to the

lines and grades shown on the plans.

The materials shall be placed in lifts not to exceed 8
inches in thickness, unless otherwise authorized by the
Geotechnical Engineer. Where the Contractor demon-
strates the equipment being used effectively compacts
lifts thicker than 8 inches, thicker 1lifts may be

authorized by the geotechnical engineer.

4
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Heap Leach Facility Design
Vulture Mine Project

Near Wickenburg, Arizona
SHB Job No. E87-11

4, Finished Subgrade in Ponds

A 6-inch thick compacted tailings layer shall be placed
as the finished subgrade surface for liner placement in
the three ponds. The tailings shall be placed and com-
pacted in accordance with the specifications of Sections
3.2 and 3.3.

5. Overliner in Surge Pond

A 2-foot thick tailings cover shall be placed over the
20-mil PVC in the surge pond. The upper 1 foot shall be
compacted in accordance with the specifications of Sec-
tions 3.2. and 3.3 to provide a surface less susceptible

to erosion.

6. Shotcrete Channel Protection

6.1 Areas of Placement

Shotcrete shall be placed beneath the geomembrane in the
pregnant pond spillway as shown on the design plans.
Additionally, shotcrete shall be placed as erosion
protection on the floor and side slopes of the storm

water diversion channel.

6.2 Material Quality & Placement

Shotcrete shall meet ACI Recommended Practice 506-66
(Revised 1983) for wet mix process pneumatically placed
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Heap Leach Facility Design
Vulture Mine Project

Near Wickenburg, Arizona
SHB Job No. E87-11

mortar. Additional requirements to these specifications

are listed below.

A. Fine aggregate shall consist of washed sand and
shall be hard, dense, durable, clean, and well
graded from fine to coarse, with no particles
larger than 3/8 inch in diameter. It shall be
free from organic matter and shall not contain
more than 5 percent by weight passing the no. 200
sieve.

B. The sand to be used shall contain not less than 3
percent nor more than 6 percent of moisture.

C. Before placing mixture in the hopper of the gun,
all lumps too large for proper handling by the
gun shall be removed by passing the mixture
through a screen of suitable size.

The air pressure shall be maintained uniform and
shall be sufficient to maintain uniform and satis-
factory nozzle operation.

E. At any construction joint, shotcrete shall be
sloped to a thin edge. Before shooting adjacent
section, sloped portion shall be thoroughly
cleaned and wetted. No square joints will be
allowed.

F. Shotcrete shall be membrane cured as described in
MAG (525.7). No shotcrete shall be placed during
freezing weather, except when proper protective
measures are taken as with ordinary concrete
work. Shotcrete shall not be placed against
frosted surfaces.

G. Succeeding layers shall be placed less than one
hour apart.

7. Field Density Tests

For purposes of acceptance, the in-place density of

7
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Heap Leach Facility Design
Vulture Mine Project

Near Wickenburg, Arizona
SHB Job No. E87-11

random and tailings fills shall be defined as that
determined by the sand cone method (ASTM D1556) or by
~other test procedures acceptable to the geotechnical

engineer.

7.1 Compaction Methods & Equipment

Mechanical compaction equipment shall be used in all
grading operations. In no case shall water settling or
"jetting" be employed.

7.2 Thickness of Lifts

Fill 1lifts shall have a loose thickness of no more than
10 inches unless otherwise authorized by the geotech-

nical engineer.

8. Weather Limitations

Unless approved in the field by the geotechnical engi-
neer, controlled fill shall not be constructed when the
atmospheric temperature is at 35°F and falling. When
the temperature falls below 35°F, it shall be the re-
sponsibility of the contractor to protect all areas of
completed surface against any detrimental effects by
methods approved by the geotechnical engineer. Any
areas damaged by freezing shall be reconditioned, re-
shaped, and recompacted by the contractor in conformance

with the requirements of this specification.
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INDICATORS
PROJECT: VULTURE MINE E 87-11

SAMPLE DATE: 04/22/87
LAB RECEIPT DATE: 04,/22/87
MATRIX: SOIL

SAMPLE ID: TP-10
LOCATION:

LAB SAMPLE #: 9597-1
UNITS: mg/kg

ANALYSIS
DATE
4/23/87
4/27/87
4/23/87
5/06/87

NOTE: ND
NA

SUPERVISORY REVIEW:

CONSTITUENT
NAME

CYANIDE (CN)

PHENOLS

CORROSIVITY (pH)

S=

REACTIVITY

NOT DETECTED
NOT ANALYZED

DILUTION
FACTOR

R. GERRY MCCULLOUGH

DETECTION
LIMIT RESULT
0.5 ND
2.0 ND
-—— 8.46
20 ND
NONE




A INDICATORS

PROJECT: VULTURE MINE E 87-11

SAMPLE DATE: 04/22/87 SAMPLE ID: TP-15
LAB RECEIPT DATE: 04/22/87 LOCATION:
MATRIX: SOIL LAB SAMPLE #: 9597-2
UNITS: mg/kg
ANALYSIS CONSTITUENT DILUTION DETECTION
DATE NAME FACTOR LIMIT RESULT
4/23/87 CYANIDE (CN) 0.5 ND
4/27/87 PHENOLS 2.0 ND
4/23/87 CORROSIVITY (pH) E=ss 8.30
5/06/87 S= 20 ND
REACTIVITY NONE
NOTE: ND NOT DETECTED

NA NOT ANALYZED

(\ \
SUPERVISORY REVIEW: R. GERRY MCCULLOUGH \%Q;\ DATE: 15 MAY 1987




égAnclyﬁcclTéChﬂOlOgieS,|nc. MERTAT 48th Street Suites 107110 Tempe, AZ 85282 (602) 4381530
PROJECT: VULTURE MINE E 87-11

SAMPLE DATE: 04/22/87
LAB RECEIPT DATE: 04/22/87
MATRIX: SOIL

SAMPLE ID: TP-10
LOCATION:

LAB SAMPLE #: 9597-1
UNITS: mg/l as EPTOX

A D A D D D D S TR D D D S D D D D D D D D G D G G G D D S D S D G G S D D S - - - - - - -
B e R R R e e e e e T T

ANALYSIS
DATE

4/2T7/87
5/01/87
4/27/87

4/27/87

4/30/87
5/01/87
4/27/87

4/30/87

NOTE:

SUPERVISORY REVIEW:

ND
NA

CONSTITUENT
NAME

ARSENIC (As)
BARIUM (Ba)
CADMIUM (C4)

TOTAL
CHROMIUM (Cr Tot)

LEAD (Pb)
MERCURY (Hg)
SELENIUM (Se)
SILVER (Ag)

NOT DETECTED
NOT ANALYZED

DILUTION
FACTOR

R. GERRY MCCULLOUGH

DETECTION
LIMIT RESULT
0.010 ND
0.07 0.09
0.003 0.154
0.010 ND
0.02 2.39
0.0005 ND
0.010 ND
0.010 ND

7
NV  DATE: 15 MAY 1987



A

METALS

PROJECT: VULTURE MINE E 87-11

SAMPLE DATE: 04/22/87
LAB RECEIPT DATE: 04/22/87
MATRIX: SOIL

ANALYSIS
DATE

4/27/87
5/01/87
4/27/87
4/27/87

4/30/87
5/01/87
4/27/87
4/30/87

NOTE:

SUPERVISORY REVIEW:

ND
NA

CONSTITUENT
NAME

ARSENIC (As)
BARIUM (Ba)
CADMIUM (Cd)

TOTAL
CHROMIUM (Cr Tot)

LEAD (Pb)
MERCURY (Hg)
SELENIUM (Se)
SILVER (Ag)

NOT DETECTED
NOT ANALYZED

DILUTION
FACTOR

R. GERRY MCCULLOUGH

SAMPLE ID: TP-15
LOCATION: :
LAB SAMPLE #: 9597-2
UNITS: mg/l1 as EPTOX

DETECTION
LIMIT RESULT
0.010 ND
0.07 ND
0.003 0.254
0.010 0.010
0.02 42.1
0.0005 ND
0.010 ND
0.010 ND

:kﬁ&s DATE: 15 MAY 1987
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Th

ermo Analytical Inc.

TMA/Norcal

2030 Wright Avenue

Richmond, CA 94804-0040

(415) 235-2633
SOIL ANALYSIS REPORT

TMA/Norcal CN No.: 4227
Customer P.0. No.: =----

Date Received: 4/27/87
Date Reported: 5/19/87
No. of Samples: 2

Kathy Meinders

Analytical Technology

2113 South 48th. St., Ste. 110
Tempe, AZ 85282

Sample Collection Results pCi/g + 2 ¢

Number Date Gross Alpha Gross Beta
9597-1 4/22/87 6 £ 3 52 £ 6
9597-2 4/22/87 15 £ 3 68 + 7

S/ V74

Marvin P. Hunt
Program Manager
TMA/Norcal

MPH/ss

Enclosure: Chain of Custody
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Heap Leach Facility Design Page 19
Vulture Mine Project

Near Wickenburg, Arizona

SHB Job No. E87-11

develop perimeter channel and storm water pond dimen-
sions. Local on-site drainage will be collected and
retained so that no precipitation that falls on the
leach pads will escape the containment system. A
detailed summary of the hydrologic and hydraulic
analyses utilized 1in design of the solution channel
and storm water pond are presented in the following

sections.

Calculation Standards, Methods & Procedures

Peak runoff flow quantities for the ore pile area were
calculated using the U.S. Soil Conservation Service
TR-55 method (McCuen, 1982). The method is based on a
computational procedure that is related to the 24-hour
storm rain depth. Runoff volumes were calculated

based on the total volume of storm rainfall.

For purposes of comparison, rain depth and rainfall
distributions for the 100 and 500-year, 24-hour storms
and the PMP and 1/2 PMP, 6-hour events were calculated
using procedures outlined in The National Weather
Service Hydrometeorological Report No. 49 (U.S. Depart-
ment of Commerce, 1977). Storm volumes and peak flows
for one half of the six-hour PMP event were used in
developing the design capacity of the storm water
pond. Peak runoff volumes and flows for this storm
event are essentially equivalent to those of the inter-
polated 500-year, 24-hour storm. Although storage of

|
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the full PMP event 1is not provided, statistically a
"zero discharge" facility is being designed, consider-

ing the estimated operation life of the project.

Rainfall depths for the 100 and 500-year storm events
are based on the Precipitation Frequency Atlas for
Arizona, Volume VIII, (U.S. Department of Commerce,
1973). The velocity method (McCuen, 1982) presented
below was used for estimating the times of concentra-
tion.

HL

tc = 3500 v

where: tc time of concentration, hours

HL = length of watershed subarea (hydraulic
length), miles
V = velocity of storm runoff, fps

Leach pad hydrology calculations are presented in

Appendix C.

Hydraulic calculations performed for determining
channel capacities, flow depths and flow velocities
are based on the Manning's Equation (Chow, 1959). A
roughness coefficient of 0.0l was used in analysis of
the Hypalon-lined solution channels. Computer summary
sheets of the channel hydraulic calculations are

included in Appendix C.
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6. STABILITY ANALYSES OF LEACH PILE

Stability analyses were conducted for the leach pile in
which various potential failure modes, including shallow
and deep-seated failure surfaces within the ore pile,
and shallow block failures along the ore-geomembrane
interface were analyzed. A summary of these analyses,
including the major assumptions and factors considered
in the analyses, are discussed in the following sec-

tions.

6.1 Shear Strength of Ore & Tailings

Generally, leach ore materials are difficult to test
during design because they are not usually accessible
for sampling and the rocks involved are highly variable
in most ore bodies. Most rock involved in leach piles
for "hard rock" mining of gold, silver, copper, lead,
zinc and other metals fall within the range of materials
which have been tested for rock-fill dam design. A
widely wused approach in dump design is to conservatively
estimate shear strength based on this data (Call, 1981;
Caldwell and others, 1981).

Figure 2 presents a summary of the large amount of
triaxial shear testing done 1in the past 38 years on
rock-fill materials as reported in the engineering

literature. This chart, which has been widely
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used in rock dump design, was originally based on a
summary of shear strength data on quarried rock and
coarse gravels by Leps (1970). Figure 2 shows the
relationship between the angle of internal friction (%)
of broken rock and the normal stress across the shear
plane (vertical confining pressure). The limits of test
data available at the time and the average curve for
rock-fill are given on the chart. Subsequent data on
the shear strength of rock-fill (Marsal, 1974; Donaghe
and Cohen, 1978; Barton and Kjaersli, 1981) are

consistent with Figure 2.

The lower 1limit of tests on seven rock-fill materials
performed by the U.S. Army Corps of Engineers (Donaghe
and Cohen, 1978) is also shown in Figure 2. This lower
limit was defined by weathered, relatively soft gran-
ite. A conservative angle of internal friction equal to
34 degrees was selected for design analysis involving
the crushed leach ore. This conservative value accounts
for a reduction in particle angularity due to agglomera-
tion of the ore, and any variation in rock quality and
durability. The existing amalgamated tails will be
agglomerated to about 3/8 inch. A conservative angle of
internal friction of 30 degrees was assigned to these

materials.

Possible Accumulation of

Solution in the Leach Pile

Due to the effects of agglomeration, an openwork
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drainage condition 1is anticipated at the base of the
pile. In addition, 3-inch diameter perforated drain
pipes will be provided on the liner surface directly
below the ore pile to enhance lateral drainage. There-
fore, the possible development of a phreatic surface
within the 1leach pile above 1 to 2 feet is considered
remote. Saturated conditions within the ore pile to
this height would not significantly affect pile
stability.

It is our opinion and experience with other leach fa-
cilities that a much greater risk exists due to broken
sprinkler 1lines and ponding of solution near the crest
of the pile. This risk is reduced to a low level if
proper leach pad maintenance is followed. Nonetheless,
allowance in design was made for sloughing or shallow
slides of the pile slopes by providing a 10-foot wide
open corridor between the toe of the pile and the solu-
tion channel berm, and by the inclusion of 5-foot wide

benches at the top of each 15-foot 1lift height.

6.3 Stability Analysis Methodology & Results

6.3.1 Shallow Sloughing & Rock Falls

The ore pile will be constructed in 15-foot 1lifts at
slopes equal to the angle of repose of the agglom-
erated tailings and crushed ore. Shallow wedge-type

and circular failure surfaces possess very low factors
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of safety £for cohesionless materials placed in this
manner. Just back of the slope, factors of safety
approach 1.0. Minor sloughing and rock falls from the
slope face are commonly caused by external driving
forces such as wind, rain and ice. Although the
extent of sloughing 1is anticipated to be very minor,
the 10-foot wide corridor at the toe of the pad, the
5-foot pile benches, and the solution containment berm
were, in part, designed to accommodate this

occurrence.

6.3.2 Potential Toe Failures

Potential toe failures along the liner-subgrade inter-
face, as shown in Figure 3, were analyzed by a method
presented by Blight (1981), which covers the case of a

frictional foundation.

An important parameter required for this analysis is
the estimated friction angle along the geomembrane-
ore interface. Large-scale direct shear tests for
various geomembrane cover material interfaces were
performed by SHB as part of a special laboratory
testing program for three previous leach pad designs
(Deatherage, Fahy and Hansen, 1986). Resulting fric-
tion angles varied from 8.5 to 39 degrees for the PVC
liner material tested, which were a function of cover
soil and applied normal stress. Friction angles for
mine tailings placed on PVC ranged from 12 to 13.5

degrees for the lower normal stresses.
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FIGURE 3

Maximum Heap Leach Pile Cross Section
for Stability Analyses
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A parametric study showing the relationship between
foundation slopes (i), foundation friction angle
(¢fg), and factor of safety is presented in Figure
4, Considering a shallow wedge-type failure within
the 75-foot wide pad toe corridor, which is designed
at a 1 percent slope, the factor of safety for a
PVC-tailings interface friction angle ( ¢g3) of 12
degrees 1is about 0.8. To increase the friction angle
at the toe of the pad and, correspondingly, the factor
of safety, a 1l-foot thick layer of sand and gravel
will be placed along a 50-foot wide corridor at the
toe of the pile. The sand and gravel layer will
increase frictional response along the liner surface.
The estimated soil-liner friction angle for these
materials 1is about 17 to 18 degrees. The resulting
safety factor against shallow block failure is about
1:2s

6.3.3 Generalized Failure Surface Analyses

Shallow and deep-seated failure surfaces within the
ore pile were analyzed using the computer program
STABL (Siegel, 1975a, 1975b). This program considers
a generalized shear surface wutilizing a 1limiting
equilibrium method of slices. Noncircular trial shear
surfaces are generated and analyzed to determine the
critical shear surface. Both static and pseudostatic

analyses are possible with this program.
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FIGURE 4

Ground Slope Angle Versus Factor of Safety for

Varying Liner-Soil Friction Angles
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In the analysis procedure, parallel side shear forces
are assumed, vertical equilibrium of the individual
slices 1is satisfied, and overall moment equilibrium is
satisfied, but moment equilibrium of the individual
slices 1is not satisfied. The computed factor of safe-

ty 1is conservative relative to more accurate methods

satisfying complete equilibrium.

As shown on Figure 2, for the 1.9:1 (28°) equivalent
slope and internal friction angles of 30° and 34° for
the tailings and crushed ore, respectively, a factor
of safety of 1.2 was determined for shallow failure
surfaces. As previously stated, for ore placed at the
angle of repose the factor of safety approaches 1.0
near the slope face. Deeper seated failure surfaces
have higher factors of safety on the order of 1.4 to
15

6.3.4 Deformation & Settlement

6.3.4.1 Settlement Analysis

Settlement analyses were based on elastic theory
settlement relationships developed by Harr (1966)
for loading on a rectangular area. The thickness of
compressible foundation material was estimated to
vary from 13 to 34 feet below the pile. A two-
layer substrata was analyzed. A conservative

equivalent deformation modulus for the two-strata

b
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profile of 2 ksi was utilized. Equivalent moduli
were determined using the relationship developed by
Thenn de Barros (1966). The underlying Precambrian
metamorphic/igneous bedrock complex was assumed
incompressible. The 1increase 1in stress on the
foundation material was estimated using relation-
ships developed by Osterberg (1957). The estimated
settlement profile is presented 1in Figure 5. A
maximum elastic settlement of about 4 inches was

estimated.

Consolidation tests performed on relatively undis-
turbed samples of the surficial tailings deposits
indicate collapse potential of between 3 and 6
percent of the stratum thickness upon saturation.
Saturation or even significant moisture increase in
the subgrade tailings 1is not anticipated provided
proper liner installation techniques are followed.
Should significant solution leakage into the
underlying tailings occur during the project life,
additional settlements of between 5 and 8 inches are
possible in the pad areas underlain by the thickest
deposit of tailings. The PVC liner in the pad area
can withstand elongations of up to 300 percent prior
to break. Liner rupture should not occur even if
differential settlements of 12 inches occur across
the width of the pad.
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FIGURE 5
Estimated Elastic Settlement of Foundation Materials for

Maximum Heap Loading
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