
   

 

 

Geochemical modelling for hydrogeologists 
Dr. David Arcos & Dr. Elena Abarca 

September 21-22nd: 2 days 
 
Geochemical numerical modelling is a tool used worldwide by scientific and technical staff 
working in wide range of fields, from environmental issues to industrial processes.  

Geochemical modelling techniques allow us to integrate site-specific and laboratory data, 
which are used to describe the physical-chemical processes that occur in the system under 
evaluation. Advanced numerical models are also important tools for the decision-making 
process, management and restoration of areas potentially contaminated. 

As a central topic to develop the skills of the course, we will use information related to mining 
processes and the generation and treatment of acid mine drainage (AMD) and meatal leaching 
(ML). During this course, participants will learn to identify the main physical-chemical 
processes responsible for the generation of AMD and ML and how to mitigate the resulting 
impacts. Based on this knowledge, the participants will be guided to: 

1. Define the conceptual models that describe the main processes in an example of DAM, 

facilitated by the speakers; 

2. Build numeric models to simulate the AMD-ML generation; and 

3. Use the numerical models for the quantitative evaluation of AMD and mitigation options; 

including the planification an AMD treatment plant. 

This course is intended for engineers, scientists and technical personnel to improve their 
capacities in advanced numerical modelling applied to hydro-geochemical processes. It is 
recommended that participants have a minimum knowledge of geochemistry and 
hydrogeology. 

At the end of the course, participants should have acquired skills on: 

 How to identify geochemical processes to be implemented into numerical models. 

 The methodology to build-up numerical models implementing site-specific data together 

with laboratory data. 

 Basic knowledge on the PhreeqC geochemical code (Parkhurst & Appelo, 2013). 

 Capabilities for the use of models to simulate geochemical processes in different fields. 

 Basic knowledge on the existence of other, more sophisticated models that implement 

hydrogeologic and geochemical processes. 

 



   

 

TENTATIVE SCHEDULE 

Geochemical modelling (Acid Mine Drainage): Implementing for design and decision-
making process 

DAY 1 

00:30 Introduction to environmental geochemistry modelling 

01:00 Introduction to PHREEQC 

01:30 Practical exercises 

01:30 AMD definition (Part I – Geochemistry)  

01:30 AMD definition (Part I – Hydrogeology) 

02:00 
Data and process up-scaling: From lab to site conditions 
Presentation of a practical case and exercises 

DAY 2 

01:30 AMD modelling: Prediction of drainage water quality 

01:00 Kinetic and equilibrium reactions under atmospheric conditions 

01:30 Reactive transport modelling using PHREEQC 

01:00 Analysing modelling results 

02:00 Modelling industrial processes using PHREEQC 

 

The course will be done by slide projection and on white board. During the course, theoretical 
classes will be combined with practical exercises, especially focused on the presentation of the 
geochemical and hydrogeologic processes associated with the generation of AMD and the 
mitigation and prevention processes. 

A pen-drive will be provided to the participants with the following information: 

 The material used in the Power Point presentations by the speakers. 

 The files of the practical exercises. 

 Literature reference list (papers and books) related with the topic of the course. 

It is imperative that the participants bring their own computer, it is recommended that there is 
at least one computer for every 2 participants. 

The software for PHREEQC v.3 (Parkhurst & Appelo, 2013) should be installed in the 
computers. The code can be downloaded in the following link: 

https://www.usgs.gov/software/phreeqc-version-3 
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SPEAKERS 

David Arcos 

David Arcos has a PhD. In Geology from the Barcelona University (1996). In 1997 he joined 
Amphos 21 Consulting S.L., a scientific and technical consultancy, as a senior consultant. At 
present he is the Director of Mining Geochemistry at Amphos 21. His main fields of expertise 
are related with the geochemistry of natural systems, mining sites and engineering barriers, 
both for underground radwaste storage and for mining operations. He has extensive 
experience in the development of reactive – transport models applied for the assessment of 
long-term behaviour of engineered barrier systems, geologic environments and water quality 
assessment in mining operations. He has more than 30 papers in international publications. In 
his professional career he has worked in projects related to nuclear waste management for 
most of the European agencies and in projects for mining operations for a large number of 
mining companies, mainly in South America.  
 

Elena Abarca 

She received her degree in Geological Sciences at the University of Zaragoza in 1998 
and her PhD in Civil Engineering by the Technical University of Catalonia (Spain) in 
2006. In 2007, she received a Fulbright fellowship to pursue her post-doctoral studies 
in the USA, first, at the Department of Civil Engineering in Auburn University (Alabama) 
and later at the Department of Civil and Environmental Engineering at the 
Massachusetts Institute of Technology. She has 15 years of experience in numerical 
modelling of groundwater flow and contaminant transport in porous media. She is an 
expert on density dependent groundwater flow in porous media. At present she is 
Group Leader at the Nuclear Services department of Amphos 21. 

 

 
 


