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OPERACIONES DE LA GRAN MINERIA DE CHILE

SMART +
SUSTAINABLE

Il Region

Alto Norte;

Glencore, Xstrata

Antucoya,

Antofagasta

Minerals,

Marubeni

Centinela,

Antofagasta

Minerals,

Marubeni

Chuquicamata, Codelco Chile
El Abra; Cyprus,

Codelco Chile

Escondida; BHP

Billiton, Rio Tinto, JECO Corp.
Francke; Minera Las Cenizas
Gabriela

Mistral, Codelco Chile

Lomas Bayas; Glencore
Ministro Hales, Codelco Chile
RadomiroTomic, Codelco Chile
Sierra Gorda,

KGHM Polska

Miedz S. A.,

Sumitomo

Metal Mining,

Sumitomo

Corporation

Spence, BHP

Billiton

Zaldivar, Barrick Gold

| Region

Quebrada Blanca; Teck
Dona Inés de
Collahuasi,

Glencore, Anglo
American, JCR

Cerro Colorado;
Atalaya Mining plc

111 Region

Candelaria,

Lundin Mining

Corp.,

Sumitomo Corp.

Ojos del Salado, Lundin Mininbg
Corp.

Caserones,

Lumina Copper Chile

Salvador, Codelco Chile

V Region

Andina, Codelco Chile
El Soldado,

Anglo American Chile
Ventanas, Codelco Chile
Chagres, Anglo
American,

Codelco-

Mitsui,

Mitsubishi Corp.

” VI Region

El Teniente, Codelco Chile

FACULTAD DE

INGENIERIA Y CIENCIAS

IV Region

Carmen de

Andacollo, Teck, Enami

Los Pelambres,

Antofagasta

Minerals,

Nippon Mining,

Mitsubishi

Materials,

Mitsubishi Corp.
Metropolitana
Los Bronces,
Anglo American Chile

ANTOFAGAS T

COPI
[

LASEREN
w

AT — I
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Il Regidn
de Atacama

Regidn
deCoquimbs

VRegisnde
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OPERACIONES MINERIA RAJO ABIERTO y _
e iy s (A —

SMART +
SUSTAINABLE

422 UNIVERSIDAD ADOLFOQ IBANEZ

ATE4SUR

Esmeralda

Regimiento




SMART + . OPERACIONES MINERIA RAJO ABIERTO .
SUSIAINAB;E SUBTERRAN EA y r:g‘:::glisv CIENCIAS @ W




Tranques de
relaves

RELAVES MINEROS UNIVERSIDAD ADOLFO IBANEZ

t
Q UNIVERSIDAD ADOLFQ |BANEZ

26-11-2024



SWART + el L=
SUSTAINABLE

R
| ] 1l v Vv Reduction
| | | | | stage

passing

Size @ 100 micron 10 micron 1 micron

RELAVES MINEROS UNIVERSIDAD ADOLFO IBANEZ 26-11-2024



| Tranques de
SMART +
SUSTAINABLE

Activos: 106
Inactivos: 463
Abandonados: 173
Total Nacional: 742

Activos

14%

Abandonados

Inactivos 0
63% 23%

| Region: 7
Il Region: 51
Il Region: 161
IV Region: 385
V Region: 78
RM: 26

VI Region: 19
VIl Region: 6
Xl Region: 9

¥20¢-11-9¢
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Site investigation

What am | looking for?

Undrained strength, Drained strength, pore water distribution,
liguefaction assessment, saturation. Hydraulic conductivity,
stiffness others



Exploration Pit
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« The drilling bit is pushed by the equipment
while rotating.

« Perforation walls can be hold by drilling
fluids or casing.

Diamond core
drilling bits

Casing Drilling bits Descarga del fluido
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Shelby Tube

?r-— Sampler Head

——— BRall Valve

~—— Screw

NN
SNNNNN

= Thin-Walled

-Cutting End

Figure 3-10:Schematic of : _ —
Figure 3-11:  Selected Sizes and Types of Thin-

Thin-Walled Shelby Tube
(After ASTM D 4700). Walled Shelby Tubes.



Presiometer

Pressuremeter
Test (PMT)
|| —ASTMD 4719
Screw Pump:
Temporary 1. Each Full Rotation of
Casing Piston Cylinder Forces
an Incremental Volume of
Water (or Gas or Oil)
Into the PMT Probe.
2. Measure Corresponding
Pressuremeter Pressure at each increment. Rubber Membrane of Probe
Probe: Expands as a right cylinder.
d=73mm Evaluated per Cylindrical
L = 440 mm Cavity Expansion Theory.
Drill Rod
("N” or
“A" Type)
Plot Pressure W versus
Volume Change AV (or
Lower Probe alternatively, Volumetric
Into Pre=Bored Hole ! Strain or Cavity Strain) to
rebored Hola and Expand with § Find Pressuremeter Parameters:
/ Pressurized Water < =
P, = Lift-Off Pressure
= 5 E = Elastic Modulus
<+ —+> T ax = Shear Strength
< =f>  P_=Limit Pressure

Figure 5-17. Test Procedure and Conduct of the Pre-Bored Type (Menard) Pressuremeter Test.



Figure 5.18. Photos of Pressuremeter Equipment, including Menard-type pressure panel, SBP
probe, SBP cutter teeth, hydraulic jack, and monocell-type probe.



Automatic

o 63.5kg free drop trip
harnrmr ("Monkey')

Coupling
152

boring rods

Split spoon

Drivng shoe

Standard
cutting shoe

60° cone |CI ynvd

Fig. 9.1 Equipment for the standard penetration test.

;: Connector to
32mm rods
Round 'A' rods
or square 32mm




STANDARD PENETRATION TESTING (SP'T)

Standard Penetration Test (SPT)

63.5-kg Drop
¢ Hammer P'E AETM D 1 535
Repeated|y ¢
Falling 0,76 m
t Meed to Correct to a Reference
Anvil t Energy Efficiency of 60%
(ASTM D 4633)
Borehaole

e
(N or Note: Occasional
A" Type) Fourth Increment Used
to provide additional
Split-Barrol soil material
{Drive) Sampler
[Thick Hollow
Tube]:
0.0, = 50 mm
LB, =35 mm
L= T&0 mm

eAM &
1]83
x i i § -
E SPT Resistance (N-value)

é E ° -g B First Increment or “Blow Counts" is total
BE| bl — 3 L AR D L number of blows to drive
S 2 £ Second Increment sampler last 300 mm (or

. I‘V e 2 blows per foot).
= b 2 e

Third Increment



Figure 3-8: Split Barrel Sampler: (a) Open sampler with soil sample and cutting shoe; (b)
Sample jar, split-spoon, shelby tube, and storage box for transport of jar samples.



SEI

Advantages Disadvantages

Simple Measurements typically every
1,.5m

Disturbed sample, only for soil
classification

Good for sands and silts

This method is not Good in
cohesive soils

Considerable variability



Automatic Hammer

@ :
7,
% Eammer Cylinder ——m
Cable ——» Anvil Window ] ‘H
al Hammer
JJ +—Sleeve Sprocket —_
//.r :'/ hud Centering Rod Chain {
Hammer —pééé Tooth i
%%% Al [pfe——Plug It

Guide Tube —»-

Anvil =—

Impact Block —s£52

— | | «—— Drill Rod Drill Rod —™ li‘!

Drill Rod —



" 28£0472006_
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Safety Hommer




Table 22-2.—Estimated variability of SPT N Values

Typical raw Typical raw
Cause SPT value in SPT value
clean sand in clay
Basic Description N =20 N=10
Drilling 1. Using drilling mud and fluid bypass 20 10
method 2. Using drill mud and no fluid bypass 0-20 8-10?
3. Using clear water with or without bypass 0-20 8-10?
4. Using hollow-stem augers with or without 0-20 8-107
fluid
5. 8-inch (20-cm) diameter hole compared to 17 8-10?
4 inches (10 cm)
Sampler 6. Using a larger ID barrel, without the liners 17 9
7. Using a 3-inch (7.6-cm) OD barrel versus a €95-30 10
2-inch (5-cm) barrel
Procedure 8. Using a blow count rate of 55 blows per ¢lo0 10

minute (bpm) as opposed to 30 bpm

U.S. Geology and Field Manual Vol. 2



Cablke to Computer

CPT

Cone

Electric Cone
Penefmometer 1. Saturation of Cone Tip Cavities
with B0~ Apex: and Placement of Pre Saturated

d =36 mm (10 om?)
or

Penetration d =44 mm (15 om?)
Test

Porous Filter Element,

2. Obtain Baseline Readings for
Tip. Sleeve, Porewater Trans ducer,
& Inclinometer Channels

Cone Penetration Test (CPT)

per ASTIMMD 5778 procedures
laclimomeder
f, = sleeve friction
Readings taken
u, = porewater pressure every 10 to 50 mmt
& &, = net area ratio (from triaxial calibration) fs
7 Uy

4. = measured tip stress or cone resistance

AA

), = comected tip stress =q. + {(1-aju,




CPT

Piezoconos

f, = slesve
friction

porous
filter
?‘ﬂ:l of
e
u=u = WSS fplastic,
midface ) A
q. = measured poreweter et -
tip stress pressure .
10-cm® Friction-Type 10-cm® Standard 1"-:!!2 Type 1 15-cm’® Type 2 A @
Cone Penctrometer Piezocone Piezocone Piczocone Penctrometer [

& . R — T b —— L - - - —



CPT Trucks

23 Tons Truck.




Portable CPT

L L o ot /
22N
> ’ | il
akd Polpaico, Til Ti
z Agco)



CPT Advantajes

* Soil profile based on behavior. 100 m per day.
* Almost continuous data from the soil profile

* Real-time data.

* [t can be complemented easily with downhole tests, dissipation

tests and soil sampling.

— |
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= CPT-3
- CPT-04
= CPT-S
= CPT6

cPT7

.-

Depth (m)

Total cone resistance
Ground clevamon & 0.00 (m]

b T L} L T
10 20 30 40 SO 60
Tip resistance (MPa)

- r r

Pore pressure

L] - v v L]
0 S00 1,000
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DMT MARCHETTI DILATOMETER




Main DMT components

Eng Diego Marchetti diego@marchetti-dmt.it www.marchetti-dmt.it




DMT Test Sequence: A, B, C readings

!

INFLATE DEFLATE

@ (2] © @
]
AupiosicNAL: 1Y OFF |

PRESSURE: A

PUSH
or DRIVE

tt 21
tt 11

Eng Diego Marchetti diego@marchetti-dmt.it www.marchetti-dmt.it




Vane Shear Test







Inch-Pound Units:
K = (w/1728) X (D*H/2) X [1 + (D/3H)]
Metric Units:
K = (w/10°% X (D*H/2) X [1 + D/3H)]

ASTM D 2573



A few examples

Undrained
strength




(6'1—0'3)

140

100

60

20

Specimen C1-C2

7

50 100

200

5 s (o'1+073)

(kPa)

(Y




Depth (m)

10

12

14

Undrained Shear Strength, Su (kPa)

100

/(20

200

300

O Lab. C1-C2

O Lab. M72-M76
< Lab. C3-C4

A Lab. C5-C6

O Lab. C9-C10

~ Lab. M64-M68

400

Depth {m}

Cone resistance

Sleeve friction

Depth {m)

LI B e S s B
0 5 10 15 20 25 30 35 40
Tip resistance {(MPa)

a

T T T
200 400  s00  g00
Friction (kPa)

Depth {m}

Pore pressure

Pressure {kPa)




Su [kPa]
0 200 400 600

---Su Peak from CPT21

o Marchetti (1980)
Su Undrained Strength(kPa)

o Group2-Mlynarek et. Al. (2018)
0 50 100 150 200 250 300 350 400 450 10
0
, —Su undisturbed (kPa) E 15
—Su remolded (kPa) =
g @t A O Lab. C1-C2 g
- O Lab. M72-M76 Q 20
6 o R o Lab. C3-C4
A Lab. C5-C6 25
8 §-. 2 = Lab. C9-C10 -
— = A Lab. M64-M68 R
E 1 % {_‘)L @ Shear vane 30 ey
g T
12 SR
)
8 A QO A
14
Su [kPa]
16 0 200 400 600
0
18 —CPT43 undisturbed Su
Remolded Su (CPT) Undisturbed Su (CPT)
20 2 a Marchetti (1980)
10 0 Group2 Mlynarek et al. (2018)
Eis
£
2
A 20
25

30



PORE WATER PRESSURE
DISTRIBUTION

Punta con filtro

Barra CPTu

Suelo

Nivel napa




9-11-2022
9-11-2022
9-11-2022
9-11-2022
9-11-2022
9-11-2022
9-11-2022
9-11-2022
9-11-2022
9-11-2022

CPTO3
CPT19
CPT21
CPT35
CPT43
CPT43
CPT46
CPT51

PIEZOMETROS

25
19.2
19.5
8.5

17

24
20
18,5




Piezocone Dissipation Test: CPT 34
Depth: 27.00 {m)

Parepressure U2 (kPa)

250 : i : : : : : : : : : :

a =1 10 15 20 25 a0 35 40 45 a0 55 a0
0,50 (s"0.50)

-

Pore pressure

Depth {m)

Pressure (kPa)

Legend

= uZ penatration

#® Initial dizsipation

¥ End of dissipation (extrapolated)
# Initial estimated at =0

Presion de poros(KPa)

250

200

-
[%n)
(=)

100

[%a)
[=]

-50
12-9-22 0:00

22-9-22 0:00

2-10-22 0:00

Sensor PZ7(Kpa)

12-10-22 0:00
Fecha

22-10-220:00

1-11-22 0:00

11-11-22 0:00



Pore water pressure (kPa)

=
w

Depth (m)
o

30

35

0 100 200 300 400
[ — —Hydrostatic from z=6m (KPa)
rb\ . -&-Disipations from CPT soundings
\ O Vibrating wire piezometer PZ6 y PZ7
N \ \ --=Case 1 (u=0)
I&\\t} v — — Case 2 (Hydrostatic)
R
! 2‘{""-—-\.\_*
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B Y
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ATACAMA DESERT







CIU TRIAXIAL TESTS
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Sample M2

Probeta 400 kPa antes de ensayo Probeta 400 kPa después de ensayo



—g

- Deformacidn

roo de Corle, g [kPa]

Eduerzo de Core., g [kPa]

200 [xPo]] ——Probetacfioofkeal) |
_;___,_._,;._____;;_. I N = S e S——
— - —a—.- e -1—;—_._'___‘.____. —
e e e e e e
E 10 15
Deformacion axial, € [%]
Trayectorias de Tensiones

——Frobeta A (400 [kea])

——Propeta B 200 [keal)

——Probeta C (100 [kPa)) |

0,00

8 8 8 8 8
8 8B 8 8

Varloclon de Preslones de Poros, Av [kPd)

&

— e




Sample M3

Probeia £00 kKPa onfes de =nsayo Probeto 400 kPa despeoss de ansayo



Resistencia al corte, (kg/cm2)

2.5

1.5

0.5

|
A

Saturado;despl. 0.5mm/min
Saturado|despl. 0.05mm/min"
w=40% despl. 0.056 mm/min
w= 50%, despl. 0.056 mm/min
w=50%, despl. 0.496 mm/min
Ensayo Triaxial

Ensayo Triaxial 2

— = Envolvente ﬁeﬁo

— Material M2

= == Material M3
— Material M4A

A

0.5

1.5
Tension Normal (kg/cm2)

2.5




Ensayo de Consolidacion

h-"-q.._______“_h‘“‘

""-\
\\1

.

g
- = :
=—
1C 100 1000

Esfuero Yertical [kKPa)

Curva Tiempeo - Deformacion para 200 [kPa]
0,00
0.20 -+
0,40 -+
0.60 -
0,80 -
1.00 —+
1.20

Deformacion Axial [%]

1,40 -
1,60 -

Tiempeo [min] [Escala Raiz Cuadradal



Consolidacién Sales
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Cyclic Stress Ratio

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

.
‘e,
L
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‘e,
L

D_

No liquefaction
—

‘e,
8o
‘e
‘e,
Ses,
‘oo,
vea,
°e
Layy
“s
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"eres
T
*es,
.,
LTI
tay,
....

10

N° of Cycles

100

@® Botadero N°2

¢ Poza N°12 Sur

A Nuevas Pozas
Fraser River Silt

O Material M2

1000













Total cone resistance Sleeve friction Pore pressure

— CPTu01-F-IIT oz 3 i ] 0z oo
— CPTudz-F-IIT i o e
0.8 LW 06
0.8 0.8 ] ; 0.8 |
1] 1 1|
1.2 1 1.2 1.2 |
1.4 7 1.4 1.4 |
1.6 L6 | 1.6 |
1.5 4 1.8 18’

2 2] z

2.2 4 2.2 e
2.4 4 2.4 2.4 ]
2.6 4 2.6 26
2.8 4 2.8 | 28

2 3 ]
2.2 3z 32|
3.4 34 3.4
'Ea.s 1 2.6 | 2.6
5 3.6 28 28
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Disipation tests

25

/\ Ubicacion nivel
20 fredtico

Prof. 2.79m
15

Pore Pressure (kPa)

M—V‘_W‘—V%wu\_\m

N M A —

0 200 400 600 800 1000 1200 1400 1600 1800

Time (seconds)






PROF. NIVEL FREATICO (M)

————————— -

POZA ACOPIO 3

POZA ACOPIO 1

P

POZA ACOPIO 2

E=== Disipacion CPTu —— PiezOmetros Lunes 20 m— PiezOmentro Martes 21



Waveforms for Sounding CPTu03
Time (ms)

30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0

Deptp (m)

ST




Terreno de fundacion

Velocity (mis)
) 400.0 300.0 1200.0 1600.0 2000.0
' : [ 18.558.0) ; ;

(27,5865

(4.0, 6016)

(8.0,6096) |
3.0 ;

{155, 893.5)

16.0 :

{ 1.514'6 }




Andlisis con altura de 12.5m mdximo

Andlisis estatico, M1 en estado suelto, MO 40 KPa no
consolidado




v

« 300m (max.)

MO=40KP
a

M1
denso

Kh =0.28




