April 2, 2013
AMEC Project No. 17-2012-4038
BHP Billiton
Pinto Valley Operations
P.O. Box 100
Miami, Arizona 85539
Attn:

David W. Unger
Manager of Engineering

Re:

Stability Analyses
Cottonwood TSF and No. 19 Dump
Pinto Valley Operations
Near Miami, Arizona

AMEC Environmental and Infrastructure (AMEC) has prepared this memorandum for BHP
Billiton, Pinto Valley Operations for the purpose of providing a stability evaluation of the
Cottonwood Tailings Dam and the No. 19 Waste Rock Dump. This memorandum will be in
support of a U. S. Forest Service Plan of Operations. The Cottonwood facility is located
adjacent to county road leading to the Pinto Valley mine. The No. 19 Dump is located east of
the Cottonwood facility.
No. 19 Dump
Slope stability analyses were performed for the No. 19 Dump in its present condition. The No.
19 Dump is composed of run-of-mine waste rock; particle sizes range from fine sand to boulders
2 to 3 feet in dimension. A plan view layout of the facility is included as Figure 1. Typical cross
sections of the facility are included on Figure 2. The facility has slopes of 1.4H to 1V, or about
36 degrees. The maximum height of the rockfill dump is about 300 feet.
The analyses were performed using the computer program SLOPE/W (Geo-Slope International,
2012). SLOPE/W is one component of a complete suite of geotechnical products called
GeoStudio. SLOPE/W has been designed and developed to be a general software tool for the
stability analysis of earth structures. The comprehensive formulation of SLOPE/W makes it
possible to easily analyze both simple and complex slope stability problems using a variety of
methods to calculate the factor of safety (FOS). Stability analyses were performed using a
conventional limit equilibrium method (Morgenstern and Price) to find the minimum factor of
safety for the critical sliding surface based on assumed shear strengths for each profile. Based
on the granular nature of the rockfill, the effective stress analysis (ESA) was adopted for the
stability evaluation. The ESA method is based on the assumption that excess pore pressures
will not be generated by the shearing process, and it is appropriate for long-term slope stability
evaluation.
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The geotechnical parameters required for slope stability analysis include unit weights and shear
strengths for every material present in a cross section. The unit weight of the rockfill was
assumed to be 120 pounds per cubic foot (pcf). And it was assumed to not have any cohesion.
The rockfill materials are highly porous and have a strength that can be approximated by a
nonlinear strength envelope for average rockfill, as shown below. In the analysis, the strength
(friction angle) is varied with the normal stress acting on the particular slice being considered.
The rockfill is assumed to have a unit weight of 120 pcf and zero cohesion.
Leps (1970) Nonlinear Strength Envelope for
Average Rock Fill
Normal Stress
Friction Angle,
(ksf)
degrees
293
388
732
887
1,463
1,654
2,926
3,083
7,315
7,064
14,630
13,173
29,260
24,120
73,150
56,130
144,000
108,113
Conservative strength parameters were assumed for the existing bedrock underlying the rockfill
in order to maintain the potential failure surfaces in the rockfill. The selected parameters include
140 pcf, an effective friction angle of 40 degrees and a cohesion value of 1,000 pounds per
square foot (psf).
Static and pseudo-static stability analyses were performed for the sections B-B and C-C on
Figure 2 for the downstream slope of the rockfill dump. The pseudo-static condition used a
seismic coefficient of 0.10g based on previous analyses completed for facilities at the Pinto
Valley mine. The minimum factor of safety for the most critical failure surface was determined
using the program’s search features. The critical failure surfaces, assumed geotechnical
parameters and calculated safety factors are shown on Figures 3 through 6.
A summary of the minimum calculated FOS values for different conditions is as follows:
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Section
Designation

Condition

FOS

B-B

Static

1.76

B-B

Pseudo-static

1.45

C-C

Static

1.53

C-C

Pseudo-static

1.29
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For rockfill facilities, the desired minimum static and pseudo-static factors of safety according to
the BADCT guidance manual (ADEQ, 2004) are typically 1.5 and 1.1 respectively. These values
are for the case where test results for the rockfill are not available. The calculated FOS values
exceed the prescriptive requirements. The most critical failure surface for each case is shown in
the attached figures.
Cotttonwood Tailings Dam
A detailed stability analysis of the Cottonwood Tailings Dam was not completed. It was
considered not necessary because of its long period or dormancy (since 1982) and the minimal
upstream watershed that could directly impact the impoundment. Stability assessments
completed prior to its being out of use for tailings deposition determined the dam to be stable
(Dames & Moore, 1979); no structural problems have been observed since that time. The
present piezometric surface near the most critical section at the downstream crest of the dam is
at a depth of about 180 feet, or near the top of the starter dam constructed for the tailings
impoundment.
It is also useful to review the history and performance of the structure (see AGRA Earth &
Environmental, 1998). Key elements include:
•
•
•
•
•
•
•

The dam was constructed within Cottonwood Gulch in 1943 and remained in continual
operation until 1954.
The design of the facility included a 100-foot high starter dam constructed of native
material underlain by granular materials grading to Gila Conglomerate.
Renewal of operations was initiated in about 1973, after an approximate 20-year period
of inactivity.
A water impoundment was constructed in 1974 at the northeast side of the impoundment
to retain runoff that would normally have flowed through Cottonwood Gulch.
The structure was closed in 1982.
The raise of the structure between 1973 and 1982 was minor, about 50 feet, or about 5½
feet per year
The surface of the impoundment was covered with soil and seeded in 1988.

There were no performance issues reported between 1973 and 1982, when tailings typically
were actively being deposited hydraulically in an upstream fashion. There have not been any
performance issues affecting the structure since 1982.
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