WIIM2010

Proceedings of the 2nd International
Congress on Water Management in
the Mining Industry

9-11 June 2010, Santiago, Chile

EDITOR Jacques Wiertz

GECAMIN

Technical Events for Mining



COPYRIGHT

© Copyright 2010. Gecamin

All rights reserved. No part of this publication
may be reproduced, stored or transmitted in any
form or by any means, electronic, mechanical, by
photocopying, recording or otherwise, without
the prior written permission from Gecamin.
Cover and book design by Gecamin.

Printed and bound in Santiago, Chile.

DISCLAIMER

Although all care is taken to ensure the integrity

and quality of this publication and the information
herein, no responsibility is assumed by the Publisher
or the authors for any damage to property or persons
as aresult of operation or use of this publication
and/or the information contained herein.

1.5.B.N. 978-956-8504-27-4

Gecamin

197 Paseo Bulnes, 6th Floor
Santiago, Chile

Zip Code: 833 0336
Telephone: +(56-2) 652 1500
Fax: +(56-2) 652 1570
info@gecamin.cl
www.gecamin.cl

The FIRST EDITION of 400 copies was printed
in May 2010 by Salesianos Impresores S.A,,
San Ignacio 1974, Santiago, Chile.



CHAPTER 01

CHAPTER 02

TABLE OF CONTENTS

VIl Organiser

IX Committees

Xl Foreword

Xill - Preface

XV Acknowledgements

Keynote Lectures

Development of Water Management Policies in the Arid and Semi-
Arid Areas of South America
03 | Christopher Beggs, Marcela Venegas, Luis Ribeiro, Ana Buxo and

Jodo Nascimento

Sal or Desal: Sea Water Supply Options for the Mining Industry
13 | Raymond Philippe, Richard E. Dixon and Silvana Dal Pozzo

Framework for Assessing Cumulative Effects of Mining Operations
on Groundwater Systems
21 | Paul Howe, Chris J. Moran and Sue Vink

Progressing towards Sustainability: From Water Efficiency to Water
Effectiveness at the Collahuasi Mine
33 | Claire M. Cote, Chris J. Moran and Orlando J. Acosta

Watershed Management

Evaluation of Sources of Water to Lagoons, Salar de Atacama Basin:
An Isotope and Geochemical Approach
47 | Ramon Aravena, Joaquin Salas, Ona Cornella, Jordi Guimera, Wolf Von

Igel, Edwin Guzmén and Corrado Tore

Watershed Management in Arid Zones with Mining: The CAMINAR

Project in the Elqui River Basin, Chile

55 | Guido Soto, Manuel Soto, Michelle Sefioret, Jaime Amezaga, Tobias
Rotting, Luis Ribeiro, Ana Buxo, Paula Mendes, Jodo Nascimento,
Christopher Beggs, Marcela Venegas, Nicole Kretschmer, Karine Orth,

Jorge Oyarzin, Hugo Maturana and Ricardo Oyarztin

Development and Application of Water Quality Indices in the Elqui

River Basin, North-Central Chile

65 | Luis Ribeiro, Ana Buxo, Jodo Nascimento, Nicole Kretschmer, Jorge
Oyarzun, Hugo Maturana, Ricardo Oyarzin, Tobias Rotting, Guido
Soto and Manuel Soto

GIS-Based Water Balance Analysis of the Huarmey Basin, Peru
75 | Saul Montoya, Robin Dufour, Katty Barzola and Daniel Bay

Natural Resource Quantification and Management

Hydraulic Tomography for Accurate Characterisation of Subsurface
Hydraulic Heterogeneity
87 | Walter A. Illman and Steven J. Berg

Effective Use of Aquifer Storage and Recovery Technology for Mine
Process Water Supply in Chile
99 | Robert G. Maliva and Thomas M. Missimer

WIM 2010 Santiago, Chile



CHAPTER 03

CHAPTER 04

Impact of the Ionic Strength on the Estimation of the pH of the

Concentrate in Sea Water Reverse Osmosis (SWRO)

107 | Rubén Muiioz, Jan Schippers, Gary Amy, Maria Kennedy, Tarek Waly
and Geert J. Witkamp

Risks of Severe Drought in the Chilean Mining Industry

117 | Juan Rayo, Ramon Fuentes and Jorge Ipinza

Water Supply

Use of Deep Groundwater Reserves: Practical Experience in Deep
Water Production
127 | Pablo Rengifo, Orlando J. Acosta and Edgardo Dzogolyk

Selection of Pipeline Corrosion Control Strategy and Impact on
Economics of Water Conveyance
137 | Sergio Gonzélez, Marcelo Encalada, Stephen Daughney and Tony Vece

A Socially Sustainable Approach for the Intensive Use of Aquifers
in Northern Chile
147 | Orlando J. Acosta

Saline Groundwater: An Alternative for the Sustainable Exploitation
of Andean Highland Groundwater Reserves
157 | OrlandoJ. Acosta, Pablo Rengifo and Edgardo Dzogolyk

Analysis and Technico-Economic Optimisation of a Long Distance
Water Recovery System
167 | Jorge Serey and Arnaldo Santander

Water Supply for the Quellaveco Project
177 | John McCartney, David Sellars and Aldo Brigneti

Desalination

Assessing the Behaviour and Dispersion of Desalination Discharge

into Spencer Gulf, South Australia

187 | Peter S. Yeates, Jason P. Antenucci, Michael E. Barry, Daniel A. Botelho,
Tony B. McAlister and James Brook

Alternative Intake Designs to Reduce Costs of Sea Water Desalination
Systems for Mine Water Supply
197 | Thomas M. Missimer and Robert G. Maliva

Long-Term Experiences with Internally Staged Designs (ISD) in
Large swRo Desalination Plants

205 | Renato G. Ramos and Verdnica Garcia

Flexible and Sustainable Water Supply: Sea Water Desalination
Vessel Options and Analysis

211 | Lisa Henthorne and José Pesce

The Use of Saturation Indexes to Predict Scaling of CaCOy3 in Sea

Water Reverse Osmosis Systems (SWRO)

217 | Rubén Mufioz, Jan Schippers, Gary Amy, Maria Kennedy, Tarek Waly
and Geert ]. Witkamp



CHAPTER 05

CHAPTER 06

CHAPTER 07

Groundwater Modelling

Assessment of Post-Closure Flooding of Bonanza Ledge Open Pit in
British Columbia, Canada
231 | Reinhard Zapata, Christoph Wels and Justin Bourne

Feasibility Assessment of a Mine Closure Plan by Using Hydrogeological
Models (La Respina, Spain)

241 | Clara Sena and Jorge Molinero

Hydro-Geochemical Modelling to Simulate Natural Attenuation
and Remediation in Acid Mine Drainage
249 | Clara Sena, Cristina Domeénech, Jorge Molinero, Fidel Grandia, David

Arcos and Mireia Grivé

The Nature and Oxidation Kinetics of Iron Precipitates in Seepage
from Sandstone to an Incised Stream
259 | Hoang P. Pham, Mansour Edraki and Barry Noller

Groundwater Flow Modelling Applications in Mining: Scopes and
Limitations

267 | Claudia Martinez, Karem De la Hoz and Cristian Pereira

Probabilistic Risk Assessment (PRA) Applied to Environmental

Mine Waste Management

275 | Paolo Trinchero, Anne Delos, Daniel M. Tartakovsky, Daniel
Fernandez-Garcia, Diogo Bolster, Marco Dentz, Xavier Sanchez-Vila

and Jorge Molinero

Hydrogeologic Conceptual Model for the Collahuasi Mine Area, Chile
285 | Mark J. Thomasson, Staffan W. Schorr, Lyle A. Davis, Michael ]. Rosko
and Orlando J. Acosta

Mine Dewatering

Dewatering for the Pefiasco Open Pit, Pefiasquito Mine, Mexico
297 | Jeremy Dowling, Kent Lang and Terry Munson

Pefiasquito Mine Project in Zacatecas, Mexico: A Hydrogeological
Challenge
309 | Miguel Rangel-Medina and Armando Escarcega

Use of Numerical Groundwater Modelling for Mine Dewatering
Assessment
317 | Claudia Martinez and Vladimir Ugorets

Water Accounting

Developing Water Balance Models as an Operational Tool for
Sustainable Mine Water Management
329 | Sarah Gosling

Water Balance Studies in Iron Ore Mine Sites in the Quadrildtero

Ferrifero, Brazil

337 | Marcelo M. Diniz, Francisco E. Silva, Fldvia A. Nascimento, Ana P. Vianna,
Marcio F. Resende, Aloysio P. Saliba, Maria L. Santos and Andre M. Rocci

WIM 2010 Santiago, Chile



\

CHAPTER 08

CHAPTER 09

CHAPTER 10

Water Management

Water Management in Tropical Nickel Laterite Heap Leach Projects
351 | Mark Steemson, Carola Sepulveda and Mark Smith

Estimating Global Water Withdrawals due to Copper Mining
361 | A.]. Gunson, Bern Klein and Marcello Veiga

Multisectoral Water Resources Management: Copiap6 Case and its
Contribution to the Mining Industry

373 | Felipe Garcia, Andrea Gonzilez and Juan Pablo Saavedra

Water Evaporation Reduction Studies at Lomas Bayas in Northern
Chile, Joint University and Industry Project
383 | Maria Elisa Taboada, Tedfilo Graber, Héctor Galleguillos, Luis Caceres,

Maria Cecilia Herndndez, Pamela Garrido and Oscar Benavente

Modern Water Management for the Mineral Industry
393 | Subasish Dutt, Chris Hughes-Narborough and Fredi Lokiec

Improving Overall Usage of Water in Mining-A Sustainable
Development Approach
403 | Philip Bangerter, Richard E. Dixon and Mariana Villegas

Efficient Use

Saving Water and Aqueous Waste in the Production of Concentrated
Phosphoric Acid
415 | Raul Raiter and Baruch Grinbaum

Saving Water in Stripping of Uranium
421 | Baruch Grinbaum

Effluent Characterisation and Treatment

Neutralisation of Acidity and Attenuation of Metals in Wastewaters

Using Mineral-Based By-Products

431 | Laura A. Wendling, Grant B. Douglas, Shandel Coleman and
Yuan Zheng

Mine Water Treatment Using Recycled Concrete and Magnetite
443 | James D. Navratil and Andrew C. Akin

Hydrotalcite Formation for Contaminant Removal from Ranger
Mine Wastewaters
453 | Grant B. Douglas, Laura A. Wendling and Ron Pleysier

Commercial Metal Recovery and Sulphate Reduction with
Biotechnology-Based Processes
463 | Jacco Huisman and Martijn Olde Weghuis

Selecting Solid-Bowl Scroll Centrifuge Technology for Solid-Liquid
Separation Tasks in Mining
475 | Stefan Koppe

Identification of Minerals in Soils from the Antofagasta Region for
Application in Mining Wastewater Treatments
485 | Paola Agiiero, Constanza Farifia, Naldy Miranda, Nelson Alarcén and

Barbara Fuentes

493 | Author Index



ORGANISER

Gecamin is a private, Chilean company created in 1998 that annually
organises international technical events with the aim of informing
and inspiring mining industry professionals, fostering the exchange
of information, and sharing best practices and new technologies
applied in mining. The goal of each conference is to bring together
engineers, scientists, researchers, managers and operators to enable
a focused discussion on the latest developments and innovations
with the ultimate purpose of establishing interdisciplinary networks
of research and knowledge exchange. Through these conferences and
training programmes Gecamin seeks to help the industry to openly
address its most pressing concerns and find more sustainable solutions.

Gecamin organises seminars in partnership with institutions of
strong technical excellence in mining such as the Universidad de
Chile, the Pontificia Universidad Catélica de Chile, the Universi-
dad de Concepcién, Chile, the Universidad Técnica Federico Santa
Maria, The University of Western Australia and The University of
Queensland, Australia, among others.

In 12 years of operation, more than 12,000 professionals have
attended our events and have been trained in areas of paramount
importance to the mining industry. These areas include the follow-
ing: Geology, Mining Unit Operations, Mine Planning, Mineral
Processing, Hydrometallurgy, Paste and Thickened Tailings, Mine
and Plant Maintenance, Automation and Control, Water and Energy
Management in Mining, Mine Closure, Environmental and Social
Impacts Assessment.

Each event organised by Gecamin features a great diversity of
technical papers presenting case studies, applications as well as
theoretical research and scientific findings. Every conference is
documented by the proceedings containing carefully selected peer-
reviewed papers. Prominent industry experts and academics bring
their knowledge and experience to our events ensuring high stan-
dards of the proceedings and the technical programmes.

The next few years are expected to bring a much more positive
economic outlook, allowing mining companies worldwide to acti-
vate or reconsider alternatives for greenfield and brownfield projects.
Sustainability, water in mining and efficient energy use will remain
the key focus areas throughout the major part of the industry. For
this reason, Gecamin believes it is of great importance to share ex-
periences and discuss alternatives and opportunities for improving
operational processes and best practices with colleagues from around
the world.

Learn more about our events by visiting www.gecamin.cl

We are 180 9001:2008 certified.

1S0 9001:2008
BUREAU VERITAS

Certification

Gecamin

ORGANISER

WIM 2010-2nd International
Congress on Water
Managementin the

Mining Industry

WIM 2010 Santiago, Chile

vil






ORGANISING
COMMITTEE

TECHNICAL
COMMITTEE

ADVISORY
COMMITTEE

WIM 2010 COMMITTEES

Chairman

Francisco J. Costabal
PRESIDENT

Consejo Minero, Chile
Executive Director

Carlos Barahona
GENERAL MANAGER
Gecamin, Chile

Technical Coordinator

Jacques Wiertz

ADJUNCT PROFESSOR

Mining Engineering Department,
Universidad de Chile

Event Coordinator

Olga Cherepanova

INTERNATIONAL EVENTS
COORDINATOR
Gecamin, Chile

Ramon Aravena

University of Waterloo, Canada

Adrian Brown

Adrian Brown Consultants Inc.,, USA

Virginia S. T. Ciminelli
Universidade Federal de
Minas Gerais, Brazil

Claire M. Cote
SMI, The University
of Queensland,
Australia

Georgia Destouni

Stockholm University, Sweden

Alain Dassargues

Université de Liége, Belgium

Matthew Andrews

Aquiline Resources, Argentina

Martin Brown
Minera El Tesoro, Chile

John McCartney
Schlumberger Water Services, Chile

Terrence Chatwin

International Network for Acid
Prevention (INAP), USA

Richard E. Dixon
Water and E&CI, Hatch, Chile

Members
Orlando J. Acosta

MANAGER

WATER RESOURCES
Compaififa Minera Dofia Inés
de Collahuasi, Chile

Alvaro Herndndez
DIRECTOR

WATER RESOURGE
DEVELOPMENT
Codelco Norte, Chile

Isaac Ardnguiz
PRESIDENT

Compaiifa Contractual
Minera Candelaria, Chile

Luis Bernal
TECHNOLOGY MANAGER
Minera Esperanza, Chile

Paul Howe
Sinclair Knight Merz, Australia

Nicolas Lauzon

Golder Associates, Canada

Jorge Loredo

University of Oviedo, Spain

Raymond Philippe
Hatch Water, Chile

Michael Royle
SRK Consulting, Canada

J. Ashley Scott

MIRARCO and

Laurentian University, Canada
Paul Ziemkiewicz

West Virginia University, USA

Stephen Foot
Antofagasta Minerals, Chile

Patricio Renner
Anglo American, Chile

Nelson Tapia
Compafifa Minera Xstrata
Lomas Bayas, Chile

Flavio Vasconcelos
AECOM, Brazil

David R. Welsh
Sinclair Knight Merz, Chile

WIM 2010 Santiago, Chile



EDITORIAL Head Editor
COMMITTEE Jacques Wiertz

Universidad de Chile

Technical Reviewers

Andrew C. Akin
Hazen Research, USA

Jason P. Antenucci
Centre for Water Research,
The University of Western Australia

Ramon Aravena

University of Waterloo, Canada

David V. Boger

The University of Melbourne,
Australia

Virginia S. T. Ciminelli
Universidade Federal

de Minas Gerais, Brazil

Richard Connelly
SRK Consulting, UK

Claire M. Cote
SMI, The University of

Queensland, Australia

Alain Dassargues

Université de Liege, Belgium

Richard E. Dixon
Water and E&CI, Hatch, Chile

Carlos Espinoza
Universidad de Chile

Stephen Foot
Antofagasta Minerals, Chile

Graphic Designers

Paula Barahona

Pablo Baratta

Carmen Gloria Chacana
Maria Paz Meza

Gecamin, Chile

Executive Editor

Olga Cherepanova

Gecamin, Chile

A.]. Gunson

University of British
Columbia, Canada

Paul Howe
Sinclair Knight Merz, Australia

Nicolas Lauzon

Golder Associates, Canada

Jorge Loredo

University of Oviedo, Spain

Ricardo Oyarzin
Universidad de La Serena, Chile

Raymond Philippe
Hatch Water, Chile

Michael Royle
SRK Consulting, Canada

J. Ashley Scott
MIRARCO and Laurentian

University, Canada

Laura A. Wendling
CSIRO Land & Water, Australia

Jacques Wiertz
Universidad de Chile

Peter S. Yeates

Centre for Water Research,
The University of Western Australia

Paul Ziemkiewicz
West Virginia University, USA



FOREWORD

I invite you to read this book, prepared thanks to the contributions
of the outstanding professionals who participated in the 2nd Inter-
national Congress on Water Management in the Mining Industry
WIM 2010, held from 9 to 11 June in Santiago, Chile.

The wiIM conferences are a very unique opportunity for profes-
sionals and specialists to become acquainted with state-of-the-art
technologies, best practices and future challenges involving water in
mining around the world. The quality of the presentations, the data
and the conclusions of each paper demanded a noteworthy effort to
put together and are of great value to all of us.

The mining sector in Chile has been very proactive regarding the
use of water in their operations and has clearly taken the lead. In fact,
during the year 2000, a Clean Production Agreement was voluntarily
signed by the mining companies-members of the Chilean Mining
Council. This agreement includes voluntary commitments for water
efficiency and consumption, energy efficiency per production unit,
reduction of greenhouse gas emissions, industrial solid and liquid
waste management, acid drainage and mine closure management.

In 2008, this agreement was audited by an independent auditing
company with the following results: In 2000, the average national
water consumption in the mining sector was 90.98 cubic metres per
metric tonne of copper; by 2006, the number was reduced to 60.72,
which implies a reduction of 33% over six years. If we take the water
consumption of different metallurgical processes, we can conclude
that copper concentrates showed a reduction of 0.81 cubic metres
per tonne (a 26.4% reduction from the year 2000), and hydrometal-
lurgical processes showed a reduction of 0.14 cubic metres per tonne
(a 53.3% reduction).

In Chile, the majority of the mining operations are located in the
most arid desert in the world, making water one of the key issues
to continue exploring, operating and planning for future projects.
For this reason, Chile’s mining industry faces the issue with great
responsibility and is promoting new technologies for water explora-
tion, higher recirculation, more efficient use and new water sources.

Securing along-term, sustainable water supply is going to be one
of the most important challenges for us in the future. It is imperative
that all of us work and think together —government, communities
and companies— in order to provide innovative and smart solutions.

World leaders should foster initiatives aimed at increasing water
efficiency and new water sources, including, but not limited to, de-
salination, sustainable management of watershed, deep groundwater re-
serve management, ways to minimise losses in distribution systems,
incentives for efficient water use, effluent water characterisation
and treatment for recirculation, all coupled with the challenges of
climate change.

This matter is a major challenge for Chile and the world. Water
will be a highly demanded natural resource in an environment with

Francisco ). Costabal
CHAIRMAN

WIM 2010-2nd International

Congress on Water
Management in the
Mining Industry

WIM 2010 Santiago, Chile
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restricted water supply. Therefore, any efforts that we can make today
to prevent future conflicts by providing guidance for sustainable solu-
tions are crucial in facing our planet’s water challenges.

Mining is responsible for less than 2% of water consumption in
countries like Chile, Australia and South Africa. Nevertheless, we
can play a key role in transferring technology and management prac-
tices to other businesses around the world.

This Water in Mining Congress in Chile is an excellent window
to review our status and compare it with the reality in other coun-
tries. It is also a chance to look for new ideas as well as new research
and development opportunities.

We hope all participants of this Congress had an enjoyable stay
in Chile and a very productive three days working together with top
specialists in matters related to water in mining.



PREFACE

Protecting water quality - reconstituting the natural world

Water, once considered a never ending, easily available and manage-
able resource, has now emerged as one of the most important envi-
ronmental concerns for the mankind, in general, and for the mining
industry, in particular. In several countries mining activity takes
place in arid and semi-arid regions where water threatens to become
a limiting factor for the development and even the survival of the
mining operations. During the last years, the industry efforts have
been focused on efficient water use throughout the different mining
and metallurgical processes. These efforts have not always been rec-
ognised by the community and are in part offset by the inevitable,
gradual but continuous decrease of ore grades. Even in regions where
water is not yet considered a scarce resource, the impact of mining
on natural water quality and availability for alternative uses is one
of the major concerns for the surrounding community.

Aside from the technical efforts to reduce water consumption,
the mining industry has adopted a different strategy towards the
so called “social licence to operate”. A responsible, sustainable and
transparent water management, recognised as such by the stake-
holders, is a key factor of this emerging strategy. This requires the
development of efficient water management tools focused on sus-
tainable supply, efficient use and quality protection of water in
mining projects. The traditional water balance has been gradually
replaced by a true water accounting across the whole mining and
metallurgical process, which lays the basis for building sustainable
water management. The cumulative impacts of water management
are also an emerging issue that requires special attention.

When it comes to water supply, the mining industry is commit-
ted to achieving a better understanding and management of natural
water resources at watershed scale. Sea water desalination, or the
direct use of sea water as process water, also represent interesting
water supply alternatives. However, the energy required for both
the desalination process and the water transport from sea level up
to the project location may also entail indirect but significant en-
vironmental impacts.

The characterisation and treatment of complex mining effluents
are no longer inaccessible technological challenges, and new effi-
cient processes have been developed that are now being tested at
the industrial level.

The 45 peer-reviewed technical papers and four keynote presenta-
tions, written by authors from 13 countries and included in these
proceedings, reflect the mining industry’s efforts to improve water
management methodologies addressing such concerns as limited use,
rights, access, distribution and community involvement. It should
be of interest to all the professionals involved in the design and
operation of mining projects and in particular to those committed
to adopting sustainable water management practices.

Jacques Wiertz

HEAD EDITOR

WIM 2010-2nd International
Congress on Water
Managementin the

Mining Industry

WIM 2010 Santiago, Chile
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