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Agua y Sustentabilidad Ambiental 

El objetivo de este grupo es mejorar el desempeño de la industria minera en relación con 
aspectos ambientales, con énfasis en evaluación de disponibilidad de recursos hídricos, 
riesgos hidrometeorológicos, funcionamiento de ecosistemas acuáticos y uso eficiente de 
agua y energía en procesos mineros. 
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Agua y Sustentabilidad Ambiental 

Faenas mineras y su entorno 
Ambientes extremos, disponibilidad de agua 
limitada 
Aumento de riesgo asociado a recursos 
hídricos 
Contaminación de aguas, pasivos 
ambientales, restauración de ecosistemas 

Eficiencia hídrica y procesos 
industriales 

Reutilización de aguas 
Transporte hidráulico de pulpas, relaves, etc. 
Requerimientos energéticos 
Diseño óptimo de sistemas de tuberías 

Modelo 

Lab 

Terreno 

Nuestra meta es crear y transferir conocimiento sobre varios aspectos de la relación entre 
sistemas ambientales y la industria minera 

Recursos 
4 Académicos 
5 Investigadores JC 
2 Postdocs 
Estudiantes de pre y 
postgrado 
Laboratorio de calidad de 
aguas 
Laboratorio de hidráulica 
y mecánica de fluidos 

 

Logros desde 2009 
•ISI Publicaciones: 31  (2009 excluido) 
•Proyectos: M$ 890,000 (US$1.8 MM) 
•Graduados: 35 
•Patentes: NA 
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Riesgo en Operaciones Mineras: 

Disponibilidad Hídrica 
Campañas de Terreno 

Imágenes Satelitales MODIS 

Modelación Hidrológica 

Pronóstico disponibilidad 
hídrica estacional 

Trazado isotópico / geoquímico de aguas 
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estable 

inestable 

Riesgo en Operaciones Mineras: 

Aluviones 

Pronóstico Meteorológico Modelo Hidrológico 

Estabilidad de Taludes 

grav

sistFs


Re

Pronóstico de Ocurrencia 

Estudios de Laboratorio 

Modelo de Pronóstico de Aluviones, 
Río Coya 

CODELCO-DET 
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Riesgo en Operaciones Mineras: 

Avalanchas 

Monitoreo Meteorológico 

Caracterización del manto nivoso en 
base a modelos computacionales 
físicamente basados y/o estadísticos 

Mediciones en 
terreno de las 

propiedades del 
manto nivoso 

Monitoreo de Avalanchas 
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Riesgo en Operaciones Mineras: 

Flujos de Mezclas en Topografías Naturales 

	

Modelación 2D de mezclas 

Aplicaciones 
 

Estimación de riesgo en 
faenas mineras 

 
•Aluviones 
•Avalanchas 
•Fugas de concentrado y 
relaves 
•Rompimiento de presas 
de relave 
 

 

Modelación física de 
flujos multifase 
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Flujos de Pulpas y Relaves 

Perfiles de concentración de sólidos en pulpas 
(tomografía) 

Medición de 
propiedades 
reológicas de 

pulpas 

Laboratorio de Flujos Multifásicos Complejos  
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Flujos de Pulpas y Relaves 

9 

[ITB11RP] 

300 l 
tank

pumps

clear view section

150 cm

150 cm

PVC tubing

relave de cobre 

planta elevación 

Estudio de parada y puesta en marcha en tuberías de 
pulpas en topografías naturales 
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Línea Investigación: Paula Díaz P. 

Monitoreo Ambiental Minero 

“Salares” 

Análisis Abundancia y 

Biodiversidad: 

Fitoplancton, zooplancton, 

fitobentos, zoobentos, 

macrófitas y avifauna acuática 

+ 

Fisicoquímica de agua y 

sedimentos 

Análisis Abundancia y 

Biodiversidad: 

Tapetes Microbionanos 

+ 

Fisicoquímica de agua y 

sedimentos 

2. Monitoreo Fisicoquímico y Microbiológico 
Sistemas Sóncor y Peine de Salar de Atacama: 

 

                 

 
 

 

 

 

1 Convenio de Monitoreo de la Biota  
Salar de Atacama: 
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Línea Investigación: Paula Díaz P. 

Metaloides 

“Río Loa + Arsénico” 
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Línea Investigación: Paula Díaz P. 

Indicadores o Variables 

Estudio de Tendencias temporo-
espaciales 

Estudio de Biodiversidad e Indicadores 
Biológicos 
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Uso Eficiente de Agua y Energía en Sistemas de 

Transporte de Pulpas Mineras 
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Figure 1: Schematic representation of a typical operational guidelines. (a) Operational range, with the shaded region denoting the allowable

operational points and (b) schematic representation of flow rate/volume fraction relation for a constant throughput value.

but also which are the best utilization fraction times (l). In this paper, this problem is analyzed in the context of an

optimization problem where the relative effect of energy and water use are included as weighting factors in the form

of unit costs.

2. Problem formulation

Consider an operating long distance slurry transport system with known internal diameter (D) where the through-

put (ṁ), defined as the dry solids rate, along with route and slurry properties are known. The total energy and water

cost may be expressed as:

W = cEE + cWW, (1)

where cE and cW represent the unit costs of energy and water, respectively. They not need to be economic costs only,

but may also represent environmental and/or social costs bonded to local conditions. The variables E and W represent

the amount of energy and water volume required to allow for the operation. This simple relation bears the inherent

trade off relating energy and water use: whereas a high energy cost will imply the need to use additional water, this

will cause the slurry flow rate to increase, given a fixed throughput goal. In particular, neglecting the importance of

water will drive to the maximization of the energy efficiency and possibly the utilization fraction (Wu et al., 2010; Ihle

and Tamburrino, 2012b), regardless the economic and/or environmental cost of water. On the other hand, if only water

was the relevant element to save, then best operational scenarios, given the throughput, would be those with very high

concentrations, and thus prohibitively high energy consumptions. In most locations, it is of uttermost importance to

find a right balance between the use of energy and water in a conveniently defined best way. However, such optimal

values are not obvious and, in particular, depend on the unit costs of water and energy, cW and cE, respectively.

The components E and W may be expressed depending on the pipeline design approach. To assess E, the hy-

draulics needs to be calculated and, in particular, the total energy consumption on a specific period. In pipeline flow,

an energy balance between points 1 and 2 of a turbulent flow stream across the pipeline is given by (Granger, 1987):

p1

rg
+ z1 =

p2

rg
+ z2 + JL12, (2)

with J = f
D

U2

2g
the hydraulic gradient. Here pi and zi = z(x = xi) are the line pressure and altitude at the route

point xi , assuming the flow going from point x1 to x2, distant by a tube length L12, and g is the magnitude of the

gravity acceleration vector. The last term of the right hand side of (2) represent the frictional pressure losses, which

control the energy balance. There, the Darcy friction factor, f , is defined as f = 8tw/ rU2, with tw, r and U the

wall shear stress, slurry density and mean flow velocity, respectively, with D the pipeline internal diameter. It is

customary for design purposes to slightly overestimate the energy consumption by incorporating a gradient factor,

aJ > 1, such that Jdesign = aJJ. The unknown tw (or f ), should be modeled considering the need to adequately

represent the slurry segregation phenomena as well as the effect of the viscous characteristic of the slurries. Here, the

2

¿Cuál es el óptimo operacional? 

In (6), the concentration and the flow may not take arbitrary values. Besides the fact that E must fulfill the con-

straints (3)–(5), Q, f and l must be consistent with the required throughput goal, ṁ. The following solids conservation

relation holds (Ihle, 2013a):

ṁ= SfQlrW, (7)

with rW the density of the liquid phase (typically that of water). The consumed water volume W may be obtained

from a mass balance in the system:

W =
ṁT

SrW

1

f
− 1 . (8)

It is noted that (6) is a strong functions of the total pipeline length, L through the pump discharge pressure p1, whereas

the water consumption, given by (8), is mostly controlled by the throughput and the solids concentration. If the

throughput goal is known, the problem proposed herein is to obtain the lowest possible value of the cost function W

that makes the hydraulic transport possible. In terms of the system variables, the problem is to find:

W∗ = min
l,Q,f

W, (9)

given (1), (6) and (8), along with the constraints (3), (4), (5) and (7). In particular the problem (9) is subject to the

unit cost parameters cE and cW. The computational cost required to solve this optimization problem depends critically

on the number of operations required to evaluate the objective function W, which depends on the hydraulic approach

used to compute the energy consumption (6) through the pressure losses.

To solve the present problem a SQP (Sequential Quadratic Programming) algorithm has been implemented (Ihle,

2013a; Ihle et al., 2013a). As the three variables (l, Q, and f) are involved plus the possible number of iterations

required to solve the hydraulics for every case, the optimization problem (9) is often hard to tackle using a brute force

approach. Figure 2 shows a typical run showing the feasible and unfeasible subspaces.
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Figure 2: Schematics of the structure of the cost function (1) for different values of the solids concentration by volume (see also Ihle, 2013a). The

black solid line represents the limit between the feasible and unfeasible solution space, where the optimal solution corresponds to the minimum of

such curve.

4

Balance entre uso de agua y 

energía para optimizar flujo, 

concentración y fracción de 

utilización del sistema (). 
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Modificado de H. Karkhanechi.  et al. Separation and Purification Technology 105 (2013) 106–113. 

                  Línea de Investigación: Andreina García  
    
   Proyecto para postulación: Desarrollo de nuevas membranas de 

osmosis inversa (OR) con resistencia a la bio-incrustación 
(Fondecyt de Iniciación 2013) 

   

Desarrollo de prototipo de laboratorio. 

Fuente: Centre of excellence for sustainable water technology. www.wetsus.nl.   

1. Desarrollar membranas OR híbridos 

(orgánico/inorgánico) mediante la 

incorporación de novedosas nanopartículas 

inorgánicas con efecto biocida. 

2. Medir el rendimiento de las membranas 

en procesos de desalinización de agua 

3. Evaluar la capacidad de anti-bioincrutación de las 

membranas 

http://www.wetsus.nl/

