Educacldn continua

Diploma en Geomecanica Aplicada al
Diseino Minero

92, Versién

2024-2025

Modulo 4: Geomecanica en Mineria a Cielo Abierto



BHP

Geotecnia de botaderos
de lastre y ripios

Rigo Rimmelin

BSc (Mining Eng), MSc (Geotech Eng), FAusIMM

03 Octubre 2024

Ingenieria de Minas

FACULTAD DE CIENCIAS
FISICAS Y MATEMATICAS
UNIVERSIDAD DE CHILE




Auspiciador

gEBBRUGG A\

Safety is our nature

Sfcfrns



Ingenieria de Minas
FACULTAD DE CIENCIAS
FISICAS ¥ MATEMATICAS
UNIVERSIDAD DE CHILE

Table of contents

e |Introduction

* Basic design considerations

« Site and material characterisation

e Surface water and groundwater characterisation
* Diversion and rock drains

« Stablility analysis

* Runout analysis

* Instrumentation and monitoring

Geotecnia de botaderos de lastre y ripios BH P
3 October 2024 4



A
| Ingenieria de Minas
' s fcfrd TS
I n t r O d u Ct I O n UNIVERSIDAD DE CHILE

Waste dumps are associated with large open pit mines

East Dump at the Antamina Mine, Peru, 2010 (Guidelines for Waster dump and Stockpile design, 2017)
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Introduction

Waste dumps and stockpiles may cover extensive footprints
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Waste dump and stockpile types

Adapted from Hawley & Cunning (2017)

Waste dumps
and stockpiles
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Permanent

Rockfills

Earthfills

Leach pads

Spoils

Mineral stockpiles

Temporary

A

Leach pads

Overburden and
topsoil stockpiles

Mined rock (waste)

Surficial soils, Residual

soils, very weak rocks, etc.

Tailings, ripios

Mined rock (ore)
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Waste dump and stockpile types

From Hawley & Cunning (2017)
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(e) Heaped Fill
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Basic design considerations

Site selection factors
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Regulatory/Social
Permitting requirements
Regulated standards
Land ownership
Inhabitant relocation
Land & water use
Visual quality
Archaeology

Artisanal mining

Mining
Proximity
Access
Mining method
Haulroad grades
Equipment
Capacity
Alternative users

Mineral potential

Terrain & Geology

Topography
Geomorphology
Natural hazards
Bedrock geology
Surficial geology

Glaciology

Environmental Geotechnical
e Climate » Foundation slopes
» Vegetation e Foundation shape
e Hydrology e Overburden type
» Hydrogeology » Overburden thickness
» Water quality » Bedrock competency
» Dust »  Groundwater
» Habitat

Fill material quality
Gradation

Intact strength
Durability

Chemical stability

Containment
Reshaping
Reclamation

Water quality

Closure
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Site selection criteria

Identify potential sites

Prioritise sites for further studies

Conceptual design
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Site and material characterisation s

Geotechnical characterisation of waste material (Lineros et al, 2007)

Waste dump characterisation

* Waste dump material is composed mainly of mined rock
(coarse material) and challenging to be tested.

» Special equipment allow to test specimens of 2 m high
and 1 m in diameter, under controlled stress conditions,
and confining pressures up to 2.5 MPa.

A
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Triaxial equipment at IDIEM laboratory

Geotecnia de botaderos de lastre y ripios B H P

3 October 2024 10



Ingenieria de Minas
FACULTAD DE CIENCIAS
FISICAS ¥ MATEMATICAS
UNIVERSIDAD DE CHILE

Site and material characterisation

Geotechnical characterisation of waste material (Lineros et al, 2007)

Waste dump characterisation
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Site and material characterisation -
Geotechnical characterisation of waste material (Lineros et al, 2007)

Waste dump material strength
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Site and material characterisation

Geotechnical characterisation of waste material (Lineros et al, 2007)

Waste dump material strength
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It€e and material cnaracterisation
Geotechnical characterisation of ripios (Rimmelin & Vergara, 2018)

Ripios material strength
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Plasticity chart for classification of fine-grained soils Particle Diameter (mm)

CL = Clay of low plasticity; OL/OH = Organic silt or organic clay; CH = Clay
of high plasticity; CL-ML = Silt-Clay; ML = Silt of low plasticity; MH = Silt of
high plasticity
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Site and material characterisation

Geotechnical characterisation of ripios (Rimmelin & Vergara, 2018)
Ripios material strength
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Site and material characterisation

Geotechnical characterisation of ripios (Rimmelin & Vergara, 2018)

Ripios material strength COARSE-GRAINED SOILS

(more than 50% of material is larger than No. 200 sieve size.)

Clean Gravels (Less than 5% fines)
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Note: OS: Oxide Sample / SS: Sulphide Sample (>80% Sulphide)
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Surface water and groundwater characterisation

Conceptual hydrogeological model of a mine waste dump or stockpile (Hawley & Cunning, 2017)

Enhanced infiltration i
below ponding on surface Brdpaiston

Surface water
collection drain

Rainfall

Surface water 4
runoff
\\/_ Intermediate saturation above
) ;( old running surface
Upgradient
run-on /

Potential for down flow in coarse
end dumped material behind face

e

Preferential flow down -
\ old end-dumped surface i\ >§ L ‘ :
5 2)( Concurrent reclamation cover
T \; ‘ Pore pressure in
Gz . lower slope
Original Seepage at lower toe
topography s Catch berm
Alliivial . — ;. / and toe drain
underflow nti DXEIXRCRERY N

Low point in Natural spring

original topography

Compaction and lower TR
permeability below old
running surface e WA e -
bedrock 7% ARETR ‘\‘\

Bedrock —+X
surface X

lllustration of piping along internal preferential
flow pathways

Legend
" Recharge
__W__ Phreatic surface in waste rock ‘ Rainfall
»~ Groundwater flow in waste rock

—¥__ Phreatic surface in alluvium
3 A~ Surface water runoff

__¥__ Phreatic surface in bedrock 4~ Groundwater flow in alluvium

:, Evaporation
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Diversion and rock drains o fcf,-d

with drain rock
WASTE DUMP

Rock drain under construction showing Schematic illustration of a toe drain with an integral drain pipe

drain rock and granular filters
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CONSEQUENCE®

HIGH

MODERATE

Low

Stability analysis

Acceptance criteria charts

STATIC ANALYSIS%3

FoS 1.4-1.5
PoF 1-2.5%

FoS1.3-1.4
PoF 2.5-5%

* - Fo$1.4-1,5 FoS 1.3-1.4
| PoF2ss% POF 5-10%
‘ = 1
FoS 1.3-1.4
PoF 10-15%
Low MODERATE HIGH

CONFIDENCE?
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CONSEQUENCE?

MODERATE HIGH

Low

PSEUDO-STATIC ANALYSIS*

FoS 1.1-1.15

FoS 1.05-1.1
FoS1.1-1.15 FoS 1.05-1.1
FoS 1.05-1.1
Low MODERATE HIGH
CONFIDENCE?
19

(c)

CONSEQUENCE?

HIGH

MODERATE

Low
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DEFORMATION ANALYSIS®

< 0.75% Strain

S 1% Strain

z

S 0.75% Strain

< 1% Strain
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Stability analysis

Failure modes

Spoil dump failure
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Stability analysis

Dimensiones Materiales

Caso Pseudo-Estatico N
FS=1,1

Caso Estatico
FS=14
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Stability analysis

Effect of foundations on stability conditions
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Stability analysis

Waste dump

Category 2 Unsaturated

Material Phi

Category 1 Unsaturated 23 25

Category 1 Saturated 18 0
28 30
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Figure 12. Horizontal Displacement at failure initiation

Figure 13. Shear strain at failure initiation
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Stability analysis

Back analysis

Calibration of properties using a spoil dump failure

Material Back-analysis Phi C
Category 1 Unsaturated Peak 23 25
Category 1 Unsaturated 18-15 0-15
Residual

Category 1 Saturated Peak 48-10 0
Category 1 Saturated Residual 489 0
Category 2 Unsaturated 28 30
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Runout analysis

Waste dump failure runout (White et al, 2023)

° |H/L=-0.08logV +0.79
0.6 -
Dump Surface
1 o ) 0.5 -
Inclination of the line
Source connecting the crest of
5\ the landslide source with o]
H % . = 0.4 -
. the toe of the deposit
Ground Surface Fahrbéschung Angle
0.3 4
Deposit V= deposit
\ volume &5
165 166 167
1 L Volume m?

Fahrb6schung angle (H/L) versus volume (V) for 39 waste
dump failure cases
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Instrumentation and monitoring

Deformation Filter @

Velocity at the
RL310 level
progressed to >
45mm/hr. at
12:05am 01/07 | _‘ |

STANDARD DEFORMATION (IN USE)

Bl v c s oroacom o o oomoeor |33 5 SRR A

Deformation Fiter ®

Approximately 24 hours
later, at 11:30pm 01/07,
the RL240 level
progressed beyond

45mm/hr
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Waste dump failure

Numerical animation

Fast motion video

GRM NORTHERN TOWER EAST 2022-07-02 06:32:25
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